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Insertion sequences are the smallest prokaryotic transposable elements. 
These genes play a significant evolutionary role by promoting genome plasticity. 
Insertion sequences are highly diverse elements that have largely been 
uncharacterized. As such, the ability to accurately identify, annotate, and infer 
genomic impact of insertion sequences is lacking. The study of new insertion 
sequences contributes knowledge to their annotation and evolution. 
Halanaerobium hydrogeniformans is a unique organism with an abnormally high 
number of insertion sequences. A family of insertion sequences, IS200/605, 
showed several interesting distinctions from other elements in the genome, 
including severe open reading frame degradation, and was characterized in 
detail. This research uses bioinformatics tools to present an in depth 
characterization of a single insertion sequence family in H. hydrogeniformans. 
From these results insertion sequence activity can be inferred, including 
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1.1. TRANSPOSABLE ELEMENTS 
Transposable elements are mobile DNA segments capable of excision 
and integration within their host genome. They carry a gene encoding a 
transposase, which is responsible for the transposition activity, and they can 
carry non-transposition-essential genes known as accessory or passenger genes 
[1]. For some time after they were first described [2], transposable elements were 
thought to be junk DNA or selfish genes with little benefit to their hosts. It is now 
known that transposable elements play an important role in increasing genetic 
diversity by promoting gene duplication, genomic rearrangements, and horizontal 
gene transfer [3]. Additionally, transposable elements have been shown to be the 
most abundant and ubiquitous genes in nature [4]. Transposable elements and 
their fossils (relics of transposable elements that have lost their ability to 
transpose) can represent a large portion of eukaryote genomes (80% in maize) 
but make up a relatively much smaller percentage of prokaryotic genomes [5].  
 Transposable elements are classified by structure and mechanisms of 
transposition, and can be grouped into 2 classes. Class 1 transposable elements 
are composed of retrotransposon and retroposons, have similar structure to 
mRNA and retroviruses, and are usually bound by long terminal repeats. This 
class of transposable element transpose via an RNA intermediate. Class 2 
transposable elements are composed of insertion sequences and transposases, 
and transpose through DNA intermediates. They typically carry terminal inverted 
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repeats [6]. Many eukaryotic transposons are related to prokaryotic insertion 
sequences, and carry a variety of passenger genes [7].  
 
1.2. INSERTION SEQUENCES 
Insertion sequences are the smallest and simplest of prokaryotic 
transposable elements. Insertion sequences are highly diverse in structure and 
organization. Insertion sequences typically have an open reading frame (ORF), 
terminal inverted repeats, and direct repeats. Many insertion sequences also 
insert preferentially within their host genome. The differences between elements 
with regard to these features, as well as their catalytic mechanisms for 
transposition, are used to categorize insertion sequences into groups and 
families. There are 4 major groups and 29 distinct families. It is important to note 
that these are general insertion sequence characteristics, and do not apply to all 
insertion sequence families. 
1.2.1. Organization. Insertion sequences are typically between 0.8 and 
2.5 kb in size and carry a single open reading frame (ORF) required for 
transposition. Insertion sequence ORFs can be divided into structural domains 
that contribute to distinct functions. The N-terminal and C-terminal regions 
principally contain DNA-binding and catalytic domains, respectively. This 
orientation permits the coupling of synthesis and activity of the transposase [8], 
[9]. Further evidence of the purpose of this organization is that for a number of 
insertion sequence families, DNA-binding domains isolated from the catalytic 
domains bind more readily than the whole protein. This suggests that the C-
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terminal inhibits DNA binding to a degree through steric masking and provides an 
explanation for the preference of many transposases to act in cis (which is the 
preference for transposases to mobilize the gene from which is was encoded) 
[10].  
1.2.2. Terminal Inverted Repeats. With few exceptions, insertion 
sequences contain terminal inverted repeats (IR). These are generally imperfect 
IR of 10-40 bp in length near each terminus of the transposable element outside 
the ORF. Inverted repeats are short sequences that read the same 5’ – 3’ on 
each strand of DNA. The outermost base pairs are involved in strand cleavage 
and transfer during the transposition reaction, and the internal base pairs are 
recognized for transposase binding [11]. Additionally, endogenous insertion 
sequence promoters have been located in the terminal inverted repeat 
sequences upstream of the transposase gene which may provide a mechanism 
for auto regulation. Binding sites for host specific proteins have also been 
observed within or close to the IR that may also impact transposition activity or 
transposase expression [12].  
1.2.3. Target Site Duplications. Another common feature to insertion 
sequences is a target site duplication that is generated on insertion. Staggered 
DNA cuts at the target site in the DNA backbone results in the duplication of the 
target DNA flanking the insertion sequence upon insertion. The target site 
duplication results in a direct repeat (DR). The size of the DR vary between 
families and elements, but typically range between 2-14 bp in length [13].  
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1.2.4. Target Sequence. Some insertion sequences have a regional 
preference for insertion sites, inserting within an AT or GC rich area. Other 
elements require a specific sequence ranging between 4-9 nt in length. Many 
Insertion sequences insert within or proximal to sequences that resemble their 
own terminal inverted repeats. These elements often transpose with an 
intermediate of an IR-IR junction (including members of IS30 and IS3 families) 
This processes can result in a cascade of transposition events and numerous 
insertion sequences located proximally to one another [12]. The general structure 




Figure 1.1. The general features of an insertion sequence containing inverted 
repeats and target site duplication (direct repeat) [14].  
 
 
1.3. CATALYTIC CHEMISTRIES 
Insertion sequences can be categorized into four groups based on their 
catalytic mechanisms for transposition. These groups are 1) the DDE, so called 
for the conserved catalytic DDE motif, 2) Y1, 3) S for their conserved tyrosine 
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and serine residues at the catalytic site, and 4) Y2 group that shows similarity to 
proteins involved in rolling circle replication.   
1.3.1. DDE. The majority of identified insertion sequences fall into the 
DDE family of transposases. Within this group there are dominant family 
members, including the IS3 and IS5 [1]. DDE family members feature a triad of 
negatively charged catalytic residues D (asp) D (asp) E (glu) that are highly 
conserved. The distance between each conserved residue is variable between 
families and highly conserved within families containing the DDE motif. Two 
transposition steps are common to all reactions catalyzed by DDE family 
members. The first is DNA cleavage through hydrolysis and the second is the 
attack of target site DNA by the free 3’OH on the element end. However, these 
family members transpose via a double stranded intermediate. Generating the 
free dsDNA intermediate requires further processing of the second strand that is 
family specific [15]. The second strand is most commonly freed from its flanking 
DNA through the formation of a transient hairpin at the element end [16].  
This DDE transposition mechanism has also been observed in host 
functions. For example, the RAG1/2 complex that catalyzes V(D)J recombination 
in developing lymphocytes is thought to have come from a domesticated 
transposase. RAG1 contains a highly conserved DDE motif [17].  
1.3.2. Serine. Serine transposases are much less understood than their 
DDE counterparts. These transposases are encoded by the IS607 family of 
insertion sequences and show some similarity to serine recombinases that 
catalyze inversion of DNA segments [18]. Although characterized groups of 
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serine recombinases show an inversion of the typical DNA domain organization, 
serine transposases show the typical domain organization with DNA binding and 
catalytic domains in the N-terminus and C-terminus respectively [19]. In addition 
to the transposase, some IS607 family members also encode a second protein 
known as orfB or TnpB. This protein shows high sequence similarity to a protein 
encoded by members of the IS605 family. The TnpB protein is not required for 
IS607 transposition [20]. IS607 elements in E.coli systems have been shown to 
insert with very low target sequence specificity, which is atypical for reactions 
catalyzed by serine recombinases [21].  
1.3.3. Y1. The Y1 transposases, which are among the smallest identified 
transposases (approximately 150aa in length), use a single catalytic tyrosine. 
These transposases are members of a greater superfamily of endonucleases 
known as the HUH (H = Histidine, U = hydrophobic) endonuclease family. 
This HUH superfamily acts exclusively on ssDNA, catalyzing DNA 
breakage and formation of a 5’ phosphotyrosine intermediate using the catalytic 
tyrosine residue and generating a free 3’OH at the cleavage site. Many HUH 
endonucleases recognize and bind DNA hairpin structures, cleaving ssDNA on 
either side of the stem or even within the hairpin structure itself [22]. These small 
hairpins can be identified and bound by the transposase through sequence 
specific recognition of the stem or loop, or through the recognition of structural 
irregularities in the stem [23].  
Similar to the superfamily to which they belong, Y1 insertion sequences 
transpose via ssDNA intermediates and insert 3’ to a conserved, element-
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specific, penta- or tetranucleotide sequence. These Y1 family members also 
insert and excise preferentially from and into ssDNA [24], [25]. It is important to 
note that these transposable elements do not contain inverted repeats or 
generate target site duplications, common to the majority of identified insertion 
sequences. 
1.3.4. Y2. Y2 insertion sequences, encoded by IS91, also fall within the 
HUH endonuclease superfamily. While Y1 transposases carry a single catalytic 
tyrosine, Y2 transposases carry two conserved tyrosine residues and appear to 
carry out transposition through a different mechanism. Y2 proteins also show 
similarities to proteins involved in rolling circle replication [1]. IS91 elements 
insert 3’ to a conserved tetranucleotide sequence [26]. Relatively little is known 
about the transposition mechanisms of this family of insertion sequences 
compared to the more defined families.  
See Figure 1.2 for the number of identified insertion sequences grouped 
by family and catalytic chemistry. See Figure 1.3 for the distribution of identified 
insertion sequences across prokaryotic genomes. 
 
1.4. IS200/605 
The IS200 and IS605 families of insertion sequences belong to the group 
of Y1 transposable elements briefly described in Section 1.3.3. The difference 
between these two families is that IS200 carries a single transposase gene 
(tnpA), while IS605 members encode a gene (tnpB) in addition to the tnpA The 
tnpB gene is dispensable for transposition [25]. 
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Figure 1.2. The number of identified insertion sequences grouped by catalytic 
chemistries and insertion sequence family [1]. DEDD represents a major 





Figure 1.3. Distribution of identified insertion sequences families across 
prokaryotic genomes [5]. 
whose movement uses RNA intermediates, the vast
majority of known prokaryotic TEs transpose using DNA
intermediates.
This review will be limited to the simplest TEs: the ISs.
ISs are classified into families (Fig. 1, Table 1) using a
variety of characteristics (Mahillon & Chandler, 1998)
(see ISfinder: www-is.biotoul.fr, below). This includes (1)
the length and sequence of the short imperfect terminal
inverted repeat sequences (IRs) carried by many ISs at
their ends (TIRs or ITRs in eukaryotes); (2) the length
and sequence of the short flanking direct target DNA
repeats (DRs) (TSD, target site duplication, in eukary-
otes) often generated on insertion; (3) the organisation of
their open reading frames; or (4) the target sequences
into which they insert. However, the principal factor in
IS classification is the similarity, at the primary sequence
level, of the enzymes which catalyse their movement, their
transposases (Tpases) (see ‘Major IS groups are defined
by transposase type’ below).
As ISs have been reviewed a number of times over the
past years [e.g. (Mahillon & Chandler, 1998; Chandler &
Mahillon, 2002; Curcio & Derbyshire, 2003; Hickman
et al., 2010a, b; Montano & Rice, 2011; Dyda et al.,
2012)], we have not included a detailed in-depth descrip-
tion of each different IS family. Instead, we first discuss
IS distribution and impact on genome evolution and
expression and explain how they are identified and classi-
fied into families by their Tpases and accessory genes. We
then describe various mobile elements related to ISs to
illustrate the growing recognition that the boundaries
between different types of mobile element are becoming
increasingly difficult to define as more are being identi-
fied. We also describe the different types of Tpase and
their activities as well as their organisation into domains
and its role in regulation. Finally, we consider the few
known examples of prokaryotic IS domestication.
Distribution
ISs are widespread and can occur in very high numbers
in prokaryotic genomes. A recent study concluded that
proteins annotated as Tpases, or as proteins with related
functions, are by far the most abundant functional class
in both the prokaryotic and eukaryotic genomic and
metagenomic public data bases (Aziz et al., 2010).
Since the last surveys [e.g. (Mahillon & Chandler, 1998;
Chandler & Mahillon, 2002)], many new ISs have been
identified largely as a result of the massive increase in
available sequenced prokaryotic genomes. Careful analysis
of a number of these has also revealed that some genomes
contain significant levels of truncated and partial ISs
devoid of Tpase genes. These genomic ‘scars’ represent
traces of numerous ancestral transposition events. How-
ever, genome annotations are often based simply on the
presence of Tpase genes and do not include the entire
DNA sequence with the IS ends. Indeed, a significant
number of solo IS-related IRs have been identified in var-
ious genomes (www-is.biotoul.fr; genome section). Small
IS fragments are rarely taken into account even though
they can provide important insights into the evolutionary
history of the host genome. Not only can this seriously
impair studies attempting to provide an overview of the
evolutionary influence of TEs on bacterial and archeal
genomes, but such fragments may encode truncated
proteins and these could influence gene regulation
[e.g. (Cordaux et al., 2006; Liu et al., 2007; Shaheen
et al., 2010)]. In bacteria (Gueguen et al., 2006) (Stalder





















































































DDE Not determined DEDD HuH Serine
Fig. 1. Distribution of IS families in the
ISfinder database. The histogram shows the
number of IS of a given family, as defined in
the text, in the ISfinder database (June 2013).
The horizontal boxes indicate the number and
relative size of different subgroups (see Table
1 for the subgroups names) within the family.
They are grouped by colour to indicate the
type of Tpase used: DDE, blue; undetermined,
purple; DEDD, green; HUH, red; Serine,
orange.
FEMS Microbiol Rev 38 (2014) 865–891ª 2014 Federation of European Microbiological Societies.
Published by John Wiley & Sons Ltd. All rights reserved
866 P. Siguier et al.
pronounced orientation preference. This was lost if the
transfer origin of the plasmid was inverted [4].
The authors are not aware of similar studies with other
TEs but think that these types of approaches are essential
to understand the impact of TEs in shaping genomes.
Another area which has received little attention is geno-
mic regional specificity. Some bacterial genomes exhibit
distinct IS clusters (data from ISfinder). These might
result from horizontal acquisition of blocks of DNA,
reflect TE exclusion from other regions, result from
TE extinction or stem from TE insertion specificity.
Tn7 has again provided an interesting model: studies
have revealed its preferential insertion into the terminus
region of the chromosome. This is a region that exhibits
high recombination activity, possibly indicating DNA
fragility [5]. Moreover, the orientation depends on the
direction of chromosome replication [3]. IS903 also shows
distinct regional preferences in insertion into the E. coli
chromosome. These are significantly less marked in the
absence of the histone-like nucleoid structuring protein
H–NS [6]. These types of effect require further exam-
ination not only for IS903 but also for other IS paradigms.
IS impact on genomes: IS gene assembly
versus IS expansion
IS modules
Identification and localization of full-length and fragmen-
ted ISs on plasmids clearly implies that they are involved
in creating modular assemblies of genes (the simplest
being concatenation within compound transposons). A
good example is the 221 kb virulence megaplasmid of
Shigella flexneri, pW100 (Figure 2) [7,8]. IS material repre-
sents 46% of the plasmid including 26 full-length ISs and
an extensive array of IS fragments indicative of scars from
ancestral rearrangements. Similar assemblies are also
detected in other megaplasmids including those from
528 Genomics
Figure 1
Distribution of IS families in the Eubacteria and Archaea. The different families are colour-coded. This is only a partial distribution extracted from
ISs present in the ISfinder database (http://www-IS.biotoul.fr).
Table 2
Number of genomes and plasmid sequences in the public
databases and those analysed in ISfinder.
Genomes Sequenced Analysed for ISs
Bacteria Finished In progress
Chromosome 344 21 24
Plasmid 759 101 18
Draft Assembly 237 - -
Archaea
Chromosome 28 28 -
Plasmid 41 43 -
Draft Assembly 2 - 2
Current Opinion in Microbiology 2006, 9:526–531 www.sciencedirect.com
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These elements do not contain terminal inverted repeats, nor do they generate 
target site duplications upon insertion. They contain secondary hairpin structure 
at both element ends that are necessary for transposition [24].  
1.4.1. TnpA. The tnpA gene of the IS200 and IS605 families encodes the 
transposase. This protein contains the HUH motif and carries a single catalytic 
tyrosine. and inserts the element 3’ to a specific tetra- or penta- nucleotide 
sequence [27].  
The protein functions as an obligatory dimer [25]. For transposition to 
occur, each TnpA monomer binds an indispensable secondary hairpin structure 
present at each end of the element. In the well-characterized ISHp608 elements 
of the IS200/605 family, the sequence of these structures is the same at the left 
end (LE) and right end (RE) of the element [28], [24]. Transposition of the 
element occurs as circular ssDNA, and is strand specific [29]. The ability to 
differentiate between top and bottom strands in ISHp608 comes from a minor 
structural abnormality between the top and bottom strand [28]. Because this 
element transposes via a ssDNA intermediate, its transposition is coupled to the 
replication of host DNA, during which it has a preference for lagging strand 
template insertion [30]. These elements also have increased transposition rates 
with DNA repair mechanisms that produce large stretches of ssDNA [31].  
The obligatory dimer of two TnpA proteins forms two functional 
conformations, a cis and a trans formation. In trans, the catalytic site is 
constructed of the HUH motif from one monomer, and the catalytic tyrosine from 
the other [32]. Conformation change from trans to cis results in strand breakage 
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and the formation of 2 phosphotyrosine bonds, The reverse conformation change 
results in the insertion of the element into the target site [23], [33], [34].  
Insertion into a new location starts with target recognition. Recognition is a 
result of DNA-DNA interaction of a tetranucleotide sequence 5’ to the LE hairpin 
structure and a target sequence. The target sequence is dependent on the 
sequence 5’ to the hairpin structure. When the active tetranucleotide sequence of 
the element was altered, new insertion sites were targeted [32]. Insertion occurs 
without target site duplication, and element excision precisely seals donor DNA. 
This transposition does not require host cell DNA repair factors [25].  
1.4.2. TnpB. An ORF, known as orfB or tnpB is often encoded proximal to 
the Y1 tnpA of IS200. When together, they represent the IS605 family. For these 
family members, hairpins necessary for element transposition are found external 
to the two ORFs. OrfB is approximately 1200 nt in length and is dispensable for 
transposition [25]. OrfB is located in successive, divergent, or overlapping 
orientation with respect to tnpA [24]. Until recently the function of TnpB was 
largely unknown. There is now evidence to suggest that TnpB plays a role in 
transposition regulation of IS200 and IS605 elements. TnpB has been shown to 
decrease both excision and insertion of TnpA, decreasing excision approximately 
200 times more efficiently than insertion [35]. The mechanism of how TnpB 
inhibits transposition is unknown but it is speculated that TnpB protein could 
competitively bind the hairpin structures at either end of the element, or bind the 
TnpA protein itself. TnpB directly impacts the activity of TnpA and does not act 
through host mediated factors [35].  
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The TnpB polypeptide typically contains 3 domains, an N-terminal HTH, a 
central domain, and a C-terminal zinc finger. TnpB is most variable in the N-
terminal and most conserved in the C-terminal domain. The inhibitory action of 
TnpB on TnpA transposition is strictly dependent on the integrity of the zinc finger 
domain [35]. Zinc fingers perform a broad range of functions, primarily as 
interaction modules binding to a wide variety of nucleic acids, proteins, and other 
molecules [36].  
The TnpB protein has been associated with members of the IS607 family. 
This family utilizes a different mechanism of transposition than the IS200/605 
families. When associated with the transposases of IS607, tnpB is dispensable 
for transposition [20]. Additionally, homologues of tnpB are found in diverse 
eukaryotic transposable elements [37].  
Several reported elements encode tnpB as the only ORF. This has 
resulted in the labeling of TnpB as a putative transposase gene (IS1341, IS809, 
and IS1136). However, the evidence for TnpB mediated transposition is absent 
and it is likely that these elements are non-autonomous derivatives of IS605 or 
IS607 families. See Figure 1.4 for a representative structure of a IS605 family 




Figure 1.4. An illustration of an IS605 family member with divergent ORFs [1]. 
 
ISs with DEDD transposases
DEDD transposases (for Asp, Glu, Asp, Asp) are related
to the Holiday junction resolvase, RuvC, itself related to
DDE transposases. At present, only a single IS family,
IS110, is known to encode this type of enzyme. The orga-
nisation of family members is quite different from that of
the DDE ISs: they do not contain the typical terminal IRs
of the DDE ISs and do not generate flanking target DRs
on insertion. This implies that their transposition occurs
using a different mechanism to the DDE ISs.
ISs with HUH Y1 or Y2 transposases
Two of these families encode a tyrosine (Y) Tpase. Note
that these Tpases are not related to the well-characterised
tyrosine site-specific recombinases such as phage integras-
es. Neither carries terminal IRs nor do they generate
DRs on insertion. One family includes IS91 (see below)
(Zabala et al., 1982; Garcillan-Barcia et al., 2002), and the
other includes IS200/IS605 (Lam & Roth, 1983; Kersulyte
et al., 2002). Members of these families transpose using
an entirely different mechanism to ISs with DDE
transposases (del Pilar Garcillan-Barcia et al., 2001; Ton-
Hoang et al., 2005) (see below). These ISs carry subterminal
sequences, which are able to forms hairpin secondary
structures. This is particularly marked in the IS200/IS605
family elements.
These ISs are defined by the presence of a Tpase
belonging to the HUH endonuclease superfamily (named
for the conserved active site amino acid residues
H = Histidine and U = large hydrophobic residue). There
are two major HUH Tpase families: Y1 and Y2 enzymes
(Chandler et al., 2013) (see ‘Transposases and Mecha-
nism’ below) according to whether they carry one or two
Y residues involved in catalysis. One (Y1) is associated
with the IS200/IS605 family (Ton-Hoang et al., 2005).
The second (Y2) is associated with the IS91 insertion
sequence family (Mendiola & de la Cruz, 1992), with a
related and newly defined group, the ISCR (Toleman
et al., 2006) (see ‘IS91-related ISCRs’ below) and with
eukaryotic helitrons (Kapitonov & Jurka, 2007). Although
these enzymes use the same Y-mediated cleavage mecha-
nism, they appear to carry out the transposition process
in quite different ways (see ‘Transposases and Mecha-
nism’ below).
While the IS91 family is fairly homogenous, the IS200/
IS605 family is divided into three major subgroups,
IS200, IS1341, and those that resemble IS605. This is
based on the presence or absence of two reading frames
tnpA and tnpB, which can occur individually or together
in several configurations (Ton-Hoang et al., 2005)
(Fig. 3): tnpA encodes the Tpase and tnpB encodes a
protein with a possible role in regulation (Pasternak
et al., 2013) (see ‘IS with Accessory genes’ below).
ISs with serine transposases
The third family is represented by IS607, which carries a
Tpase closely related to serine recombinases such as the
resolvases of Tn3 family elements (see below). Little is
known about their transposition mechanism. However, it
appears likely, in view of the known activities of resolvas-
es (Grindley, 2002), that IS607 transposition may involve
a circular double-strand DNA intermediate [N.D.F.
Grindley cited as pers. commun. in (Filee et al., 2007)].
Members of this family also occur in a group of giant
eukaryotic viruses, the nucleocytoplasmic large DNA
viruses (NCLDV). These infect protists whose lifestyle
involves grazing on various bacteria (Fil!ee et al., 2007).
They have presumably been incorporated into the viral
genomes together with other bacterial genes by virtue of
the highly promiscuous recombination properties of the
virus. Interestingly, copies of IS607-like elements have
more recently been identified in several ‘lower’ eukaryote














Fig. 3. Organisation of the IS200/IS605 family. (i) IS200 group with tnpA
alone: examples include IS200 (Salmonella typhimurium, Escherichia coli),
IS1541 (Yersinia pseudotuberculosis, Yersinia pestis), IS1469 (Clostridium
perifringens) and ISW1 (Wolbachia sp.). (ii) IS605/IS606 type with tnpA
and tnpB in a divergent orientation: IS605, IS606 (Helicobacter pylori);
ISLjo5 (Lactobacillus johnsonii). (iii) IS8301 type with nonoverlapping tnpA
and tnpB orfs in the same direction: ISDra2 (Deinococcus radiodurans),
ISH1-8 (Halobacterium), ISEfa4 (Enterococcus faecium), IS1253
(Dichelobacter nodosus). (iv) IS608 with overlapping tnpA and tnpB:
IS608 (Helicobacter pylori). (v) IS1341 (Thermophilic bacterium) group
with tnpB alone. Left and right are represented as hairpin structures in
red and blue, respectively. Orfs are indicated as boxes with arrowheads
(showing the direction of translation). tnpA is shown in red and tnpB
in blue.
FEMS Microbiol Rev 38 (2014) 865–891 ª 2014 Federation of European Microbiological Societies.
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1.5. MINIATURE INVERTED REPEAT TRANSPOSABLE ELEMENTS 
Miniature inverted repeat transposable elements (MITES) are partial 
copies of transposable elements that typically contain only the sequence or 
structures necessary for transposition. MITES can be impactful to host genomes 
as they can influence gene expression, alter mRNA stability, or influence 
transcription termination. In genomes without full length parent copies it can be 
extremely difficult to identify MITES, as they are often only present as short 
inverted repeat sequences [5]. MITES represent evidence of past insertion 
sequence activity and are important for understanding the evolution of insertion 
sequences within the host and the impact of insertion sequences on the genome. 
 
1.6. INSERTION SEQUENCE ANNOTATION 
Insertion sequences, their nonautonomous derivatives, and MITES, 
represent a substantial portion of bacterial and archeal genomes. Insertion 
sequences are highly diverse with respect to their transposases and element 
ends. Because of this diversity accurate insertion sequence identification and 
annotation is difficult. Transposase genes of insertion sequences are often 
mislabeled as integrases, recombinases, pseudogenes, and hypothetical 
proteins [38]. The element ends containing inverted repeat and direct repeats, 
which are smaller and more diverse than the proteins themselves, are typically 
overlooked. It is even more rare that MITES are identified. 
The development of high throughput sequencing has led to the generation 
of thousands of complete genomes and metagenomes. With the sheer quantity 
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of insertion sequences and MITES, accurate identification and annotation 
requires more sophisticated methods than those currently available [39].  
Several semi-automatic methods have been developed to aid in the 
identification of insertion sequences. Two of these are OASIS (Optimized 
Annotation System for Insertion Sequences) [40], and ISsaga (Insertion 
Sequence Semi-Automatic Genome Annotation) [38]. Enhanced methods to 
better visualize and organize these elements are being developed [41]. The 
underlying issue with these methods is that they rely on the quality of insertion 
sequence database libraries. While these methods expedite the identification of 
known insertion sequences, unique insertion sequences and MITES can be 
misidentified or completely overlooked. Even MITES of known and well 
characterized insertion sequences can be overlooked because they show such 
low similarity to the parent element, or a parent element may not be present in 
the genome being surveyed.  
The inability to accurately identify insertion sequences and MITES leads to 
a severe bias towards characterized and complete copies of insertion sequences 
in surveys of insertion sequences across genomes [38]. Until more sophisticated 
methods are developed, or insertion sequence databases become more 
complete, a significant amount of manual curation is necessary when identifying 





1.7. GENOMIC IMPACT OF TRANSPOSABLE ELEMENTS 
Transposable elements were originally viewed as selfish DNA, serving 
little to no purpose to their host. However, it is now understood that transposable 
elements play a significant role in promoting genetic diversity, structure, and 
genomic plasticity [42].  
1.7.1. Genomic Streamlining. Insertion sequences experience rapid 
expansion and loss within host genomes. This is accompanied by genomic 
rearrangement, and gene inactivation. With time, insertion sequences experience 
deletion that can be accompanied with deletion of host DNA, resulting in genome 
reduction. Insertion sequence degradation will lead to the development of non-
functional, or non-autonomous elements, which are eventually cleared from the 
genome. The increase in transposable elements and reduction in genome size is 
most noted in new bacterial endosymbionts, and is only permissible with an 
increase in host dependence [5]. The relaxed selective pressure of new 
endosymbionts permits both the expansion of insertion sequences, and the 
ensuing genome reduction. 
It has been observed that transposable element numbers increase in new 
bacterial endosymbionts compared to free living cells [43], and that genomic 
reduction is correlated with insertion sequence expansion. This is evident in 
comparing three Bordetella species B. pertussis, B. parapertussis, and B. 
bronchiseptica. The genome size of B. bronchiseptica is the largest of the three 
(5.34 Mb) and it harbors no insertion sequences, B. parapertussis has a reduced 
genome size (4.77 Mb) with over 100 insertion sequences, and B. pertussis with 
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the smallest genome size (4.1 Mb) has over 260 identified insertion sequences. 
The phylogeny of the of the organisms suggested that B. bronchiseptica was the 
ancestral species of the three [44].  
1.7.2. Insertional Mutation. Insertion sequences can effect genomes 
through direct impedance by inserting into and disrupting genes. Insertion 
sequence mediated disruption in a Rickettsi species resulted in non-
pathogenicity by insertion into virulence genes [45], as well as a metronidazole 
resistant H. pylori by insertion within a gene necessary for pro-drug activation 
[46].  
1.7.3. Gene Expression. Although over 80% of genes in prokaryotic 
genomes encode proteins, not all insertion events cause a direct disruption. 
Insertion into intergenic regions can still impact the host genome. Some mobile 
elements carry endogenous transcriptional promoters [12], and their insertion 
leads to changes in expression of flanking genes. Insertion sequences can also 
change expression by activating or inactivating promoter or repressor genes [47].  
1.7.4. Genomic Rearrangement. Insertion sequences also impact 
genomes through a variety of chromosomal architecture changes. This activity 
stems from the multiple copies of elements with high sequence similarity. 
Recombination between two IR of a single insertion sequence can result in an 
inversion. Direct inversion of elements carrying endogenous promoters has been 
shown to increase pathogenicity through phase variation in a number of 
organisms [48], [49]. Recombination can also occur between elements resulting 
in the inversion of the entire sequence between the elements, or in the deletion 
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of sequence between the elements [50]. Alternative transposition mechanisms 
can also result in inter-element sequence duplication [6].  
 
1.8. INVASION – EXPANSION – EXTINCTION CYCLES 
To a degree, insertion sequences provide a selective advantage to their 
host by increasing diversity and genomic plasticity [51]. However, insertion 
sequences are in general thought to be more damaging than beneficial to their 
host, and their persistence in genomes is questioned. It is hypothesized that 
insertion sequences undergo periodic invasion, expansion, and extinction cycles. 
These cycles are characterized by introduction to a new genome through 
horizontal gene transfer, expansion through replicative transposition, and 
extinction through unknown methods that eliminate, or degrade insertion 
sequences beyond recognition in a genome.  
Insertion sequences have an extremely high, nearly identical, sequence 
similarity within genomes [52]. This unusually high sequence similarity is not due 
to evolutionary constraints, as insertion sequences between genomes show 
significant sequence divergence. Gene conversion, which is the homogenization 
of nearly identical sequences through recombination, has been proposed to be a 
mechanism for sequence conservation in obligate mutualistic endosymbionts 
[53]. However, evidence of gene conversion in insertion sequences of free living 
hosts is absent. Insertion sequences also show higher sequence conservation 
than gene duplicates, which would be subject to the same level of gene 
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conversion. Additionally, successful transposition rates of insertion sequences 
are higher than substitution rates [54].  
This leads to the hypothesis that insertion sequences are newly acquired 
to most genomes, and that they invade and rapidly expand within a genome. The 
patchy distribution of insertion sequences across genomes of highly related 
strains [55], [56], supports this hypothesis, and also shows that insertion 
sequences are not sustainable within a genome. Insertion sequences are 
selected against over time through down regulation of transposition, excision, 
and the preference for the majority to act in cis. The expansion of insertion 
sequences is permitted only because of the temporary benefits they might 
provide through genomic rearrangement and transfer of beneficial genes. As 
such, their persistence in the environment is dependent on horizontal gene 
transfer [54].  
 
1.9. HALANAEROBIUM HYDROGENIFORMANS 
Halanaerobium hydrogeniformans is an extremophile isolated from a 
haloalkaline lake in Washington State. This organism has gained attention due to 
its unique metabolic capabilities and potential for industrial applications. After the 
sequence of the genome was determined, 2463 genes were annotated. Among 
them were 72 transposase genes belonging to eight insertion sequence families 
[57]. This puts the bacterial genome at approximately 3% transposable elements, 
which is higher than in most bacterial genomes [5]. Because transposable 
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elements are often misidentified, it was suspected that 72 transposable elements 
was a conservative estimate of the actual number encoded in the genome.  
 
1.10. DATABASES AND BIOINFORMATIC TOOLS 
1.10.1.  NCBI. The National Center for Biotechnology Information (NCBI) 
was developed by the National Institutes of Health (NIH) after the need for 
computerized information processing in modern research was realized. NCBI’s 
mission became “finding new approaches to deal with the volume and complexity 
of data in providing researchers with better access to analysis and computing 
tools to advance understanding of our genetic legacy and its role in health and 
disease.” Data from the European Molecular Biology Laboratory (EMBL) and the 
DNA Database of Japan (DDBJ) is shared with NCBI. NCBI is also host for 
numerous automated DNA and protein tools such as blastp, blastn, RefSeq, and 
ORF-finder. NCBI also provides access to DNA and protein sequences, 
mapping, structural data, and phylogenetic outputs [58]. 
1.10.2. EBI. The European Bioinformatics Institute (EBI) is part of the 
EMBL and provides the most up-to-date and comprehensive range of basic 
research and computational biology tools for researchers in academia and 
industry. The data and much of the software from EBI can be downloaded and 
installed locally, or run via online servers. The tools provided span DNA/RNA 
alignments, molecular structures, protein sequences, families, and motifs, 
taxonomy, and systems pathways [59]. 
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1.10.3. PFAM. Pfam is a database containing protein families. Protein 
families are sets of proteins that share regions of high amino acid sequence 
similarity that are generated from multiple sequence alignments and hidden 
Markov models. These conserved regions can be used in the prediction of 
protein functionality when compared to known proteins [60].  
1.10.4. Phylogeny.fr. Phylogeny.fr provides free web based phylogenetic 
analysis tools for the non-specialist. It permits automated and semi-automated 
phylogenetic relationships to be constructed between nucleotide or protein 
sequences using a multiple alignment process and can provide a newick output 
for various tree viewers [61].  
1.10.5. ISfinder. ISfinder is an online public database providing general 
features (size, target sequence, family, inverted repeat sequences) for insertion 
sequences isolated from bacteria and archea. They rely on the scientific 
community to deposit sequences and information of characterized insertion 
sequences to enrich the database. ISfinder also provides a program ISbrowser 
that can be used to view identified and predicted insertion sequences in 
sequenced genomes [41], [62]. 
1.10.6. ISsaga. ISsaga is a tool of ISfinder that was developed to 
accurately identify and annotate insertion sequences with the use of a high-
quality semi-automatic annotation system. This uses the ISfinder database to 
provide general prediction and annotation tools for potential insertion sequences 
in a genome. It provides genomic context of individual insertion sequences, 
visual display of genomic positions, and a small array of tools to find element 
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ends, target site duplications, and inverted repeats. Because the annotation 
accuracy of  ISsaga is limited to the insertion sequence library of ISfinder, 
insertion sequences predicted by ISsaga have to be confirmed manually before 
being added to the ISfinder database [38], [63]. 
1.10.7. ExPASy. The Swiss Institute of Bioinformatics (SIB) has 
developed the Expert Protein Analysis System (ExPASy) web portal, offering 
access to numerous scientific resources, databases, and software tools. These 
tools are for areas of biology research including proteomics, genomics, 
phylogeny, structure, and more [64].  
1.10.8. Sequence Alignment. Sequence alignments are made to 
determine the relatedness between two or more DNA or protein sequences. The 
services provided by the EBI offer programs for pairwise and multiple sequence 
alignment. Pairwise alignments are ideal for highlighting regions of similarity or 
dissimilarity that may confer a functional, structural, or evolutionary relationship 
between two sequences. These programs would include Needle, Stretcher, 
Water, Matcher, and LALIGN. The differences in these programs is that they 
utilize slightly different parameters to align sequences. Multiple sequence 
alignments are used to determine homology and evolutionary relatedness 
between sequences. These include Clustal Omega, an alignment program for 
three or more sequences [59]. 
1.10.9. Mfolds. DNA and RNA can contain secondary structure that is 
functional in a variety of biological processes. Mfolds and UNAFold are free web 
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based programs developed to identify possible secondary structure and predict 
under what conditions they might form [65].  
1.10.10. Argo. Argo is a Java based genome browser developed by The 
Broad Institute for viewing and annotation of whole genomes. It displays the 
sequence and annotation of DNA tracks. Files can be uploaded in SAM/BAM, 
FASTA, Genbank, GFF, BLAST, BED, WIG, and Genscan formats. This program 
is useful in determining relative position to other genes, as well as extracting 
DNA and protein sequences for further phylogenetic or structural analysis [66]. 
 
1.11. SUMMARY 
This thesis presents a detailed characterization of an IS200/605 family 
members within H. hydrogeniformans. This family was selected for detailed 
characterization because of the unique characteristics of Y1 transposases. Six 
Y1 elements were originally annotated in the genome. After investigation this 
number rose to 23 elements and 1 MITE. Many of the 605 elements were 
misidentified by insertion sequence annotation software, and exhibit unique 
disruptions and fragmentation not typically observed in insertion sequences. The 
phylogeny of these elements in comparison to their structural differences 
suggests recombination between elements is occurring. These elements differ 
from reported IS200/605 family members in that their element ends are unique, 
and do not share common sequence between the right and left ends. This work 
is a detailed survey of an IS605 family of elements not reported elsewhere and 
provides a look at how insertion sequences might degrade within host genomes. 
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2. MATERIALS AND METHODS 
 
2.1. INSERTION SEQUENCE IDENTIFICATION 
The Halanaerobium hydrogeniformans genome sequence is recorded at 
the National Center for Biotechnology Information (NCBI), accession number 
CP002304.1. All genes annotated as insertion sequence, transposase, and 
integrase were used for a BLAST search against Genbank to determine potential 
products. The results were used as a query against the ISfinder library to confirm 
insertion sequence identity. After confirmation, a representative open reading 
frame (ORF) from each different insertion sequence group was used for a BLAST 
search against the H. hydrogeniformans genome to identify partial insertion 
sequences that were annotated as pseudo or hypothetical genes. Insertion 
sequences in the genome were then identified with ISsaga to compare the 
identity results from manual and semi-automatic library based methods. ISsaga 
scans for insertion sequences in annotated genomes by comparing potential 
sequences against the ISfinder database. It then performs a blastn for replicons 
within the genome to identify partial elements or potential mobile elements not 
originally annotated. 
The elements belonging to the Y1 family were chosen for further 
investigation due to the numerous members present in the genome. This family 
was also chosen because of its distinct characteristics and the significant 
sequence dissimilarities between their replicates. Dissimilar replicates are 
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inconsistent with reported high sequence similarity of insertion sequence 
between members of the same family within a bacterial genome [52].  
The element families that were investigated in detail were given loci 
numbers for organization and further reference. Loci numbers were sorted 1-23 
moving 5’-3’ from the origin of replication on the + strand. 
2.1.1. Element Ends. The ends of a Y1 insertion sequence extend 
beyond the ORF. The element ends are defined as the nucleotide sequences of 
the element outside the ORF. These were identified by extracting 1000 
nucleotides 5’ and 3’ of each ORF and aligning to identify the extent of homology 
between elements. 
2.1.2. MITES. Miniature Inverted Repeat Transposable Elements (MITES) 
were identified by querying the genome with the element ends. Identified ends 
were matched with their corresponding ORFs. Element ends without 
corresponding ORFs were marked as potential MITES and examined further. 
 
2.2. GENOME BROWSER 
The Argo Genome Browser was used to visualize the genome of 
Halanaerobium hydrogeniformans. The genome was uploaded into Argo in 
Genbank format. Genes of interest were marked and categorized for further use. 
Visualization of gene positions allowed for a preliminary survey for insertion 
sequence position and proximity patterns. The genome browser was used to 
extract nucleotide and conceptual protein sequences for phylogenetic and 
alignment uses [66].  
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2.3. BLAST 
Chosen sequences are aligned against a target database using a Basic 
Local Alignment Search Tool (BLAST). Databases can be queried with protein or 
nucleotide sequences.  
For blastp, a conceptual protein sequence is used to query a protein 
database. This is used to identify potential gene products and conserved 
domains. Megablast is used to query a nucleotide sequence for closely related 
sequences for identification, working best if sequences show a 95% or higher 
similarity. Megablast was used to identify insertion sequence replicates within the 
genome. Discontiguous megablast is similar to megablast but allowing for greater 
mismatches and is intended for sequences with low similarity and cross-species 
comparisons. Discontiguous megablast was used to search for insertion 
sequence replicates that were misidentified or not annotated. Blastn is slower 
than megablast and discontiguous megablast but allows a word-size of seven 
bases. This permits the comparison of short sequences with low similarity. Blastn 
was used to search for MITES and element fragments against the genome. 
These BLAST tools are available free for use at the National Center for 
Biotechnology Information (NCBI). Algorithm parameters for BLAST searches 
used are in Table 2.1 
 
2.4. ALIGNMENTS 
Alignments were made between two or more protein sequences or two or 
more nucleotide sequences. Alignments are useful in comparing sequence 
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similarity and structural differences. A number of alignment programs were used 
for pairwise and multiple sequence alignments. EMBOSS Needle and EMBOSS 
Stretcher utilize a Needleman-Wunsch algorithm to search for optimal global 
alignment between two sequences.  
 
Table 2.1. Algorithm parameters for BLAST searches. 
BLAST  Blastp Megablast Discontinuous Megablast Blastn 
Max Target 
Sequences 100 100 100 100 
Expect 
Threshold 10 10 10 10 
Word Size 6 28 11 11 
Max Matches 0 0 0 0 
Match/Mismatch N/A 1, -2 2, -3 2, -3 













Stretcher uses modifications that permit larger sequences to be globally aligned. 
LALIGN is a program for pairwise sequence alignment optimized for local 
alignment between two sequences [67]. Clustal Omega and Kalign are programs 
used to globally align multiple sequences [68]. All alignment programs are freely 
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available for use from the European Bioinformatics Institute. Parameters and 
options used for alignment programs are found in Table 2.2 and Table 2.3. 
 
 






















2.5. OPEN READING FRAME DISRUPTION 
Insertion sequences can insert within genes disrupting the ORF. 
Automated identification of disrupted genes can be difficult. To identify if any of 
the Y1 insertion sequences inserted within a gene, 1000 nucleotides on either 
side of the insertion sequence (-1000/+1000) were extracted and spliced 
together. The 2000 nucleotide sequence frame was then searched with ORF 
Finder, a tool freely available for use from NCBI. Any ORF extending through 
position 0 (the middle of the extracted sequence) of the constructed ORF was 
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conceptually translated and subjected to a blastp search against the NCBI 




 Table 2.3 Alignment parameters and options for pairwise alignment programs. 
Program Kalign Needle Stretcher Water Matcher LALIGN 
Gap Open  80 10 16 10 16 -12 
Gap 
Extension  3 0.5 4 0.5 4 -4 
Terminal 
Gap  3 NA   NA NA NA 
Bonus 
Score 0 NA NA NA NA NA 
Matrix N/A DNAfull DNAfull DNAfull DNAfull 
(+ 5) / (- 
4) 
End Gap 
Penalty NA FALSE NA NA NA NA 
End Gap 
Open NA 10 NA NA NA NA 
End Gap 
Extension NA 0.5 NA NA NA NA 
Alternatives 
Matrix NA NA NA NA 1 NA 
 
 
2.6. PHYLOGENETIC ANALYSIS 
Phylogenetic analysis was conducted with Phylogeney.fr. Extracted 
nucleotide sequences from insertion sequence ORF were input in FASTA format. 
Relationships of sequences were made using a MUSCLE sequence alignment 
without Gblock curation, and a maximum likelihood phylogenetic tree 
construction. Phylogenetic analysis was performed with the “one click” option for 
speed and alignment optimization [61], [69]. Mobile Elements in the genome 
showing significant deterioration were excluded from phylogenetic analysis, as 
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the nucleotide sequences of these elements were too short to construct an 
accurate phylogenetic relationship. 
 
2.7. SECONDARY STRUCTURE IDENTIFICATION 
External to the ORF are conserved insertion sequence ends. In Y1 
elements these ends contain hairpin structures necessary for transposition. 
Regions of the element ends showing potential for hairpin formation were 
identified by aligning the element left and right end nucleotide sequence with its 
respective reverse complement. The pairwise alignment program LALIGN was 
used to scan for regions with emphasis on local alignment. Regions showing 
significant alignment to their reverse complement were visually identified and 
subsequently examined with Mfolds, a DNA folding program, to view the potential 
physical structures.  Mfolds DNA folding form was used under default conditions 













3.1. INSERTION SEQUENCE IDENTIFICATION 
ISsaga identified 16 insertion sequence families in Halanaerobium 
hydrogenifomrans. Initial observations reveal that these families are composed of 
few individual elements with varying levels in copy number. 
Manual curation identified fewer families, with approximately the same 
number of total insertion sequences. Of note, ISsaga identified the presence of 
IS200/605, IS1341, and IS607 family members. In contrast, manual annotation 
resulted in the identification of one IS200 family member, and 22 IS605 family 
members. After detailed characterization, it was discovered that ISSaga 
misidentified these elements as there were no elements belonging to the IS1341 
or IS607 families in H. hydrogeniformans. All misidentified elements showed high 
sequence similarities to the IS605 members. Table 3.1 presents the number of 
unique insertion sequences per family and the total number of elements 
belonging to that family as identified by ISsaga. Insertion sequence families 
IS1341, IS605, and IS607 are highlighted. 
Detailed characterization of insertion sequences in H. hydrogeniformans 
was limited to the IS200 and IS605 family members. Each identified insertion 
sequence was given an independent locus number corresponding to its relative 
position to other detailed insertion sequences and the origin of replication. The 
elements are labeled locus 1-23 with increasing distance from the origin of 
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replication. The locus numbers for each element, as well as some of the 
elements characteristics which are further discussed, are outlined in Table 3.2 
 
 






IS200_IS605_ssgr_IS1341 1 5 
IS3_ssgr_IS407 1 3 
IS3_ssgr_IS3 4 4 
IS6 2 7 
IS607 2 15 
ISNCY_ssgr_IS1202 1 4 
IS256 4 14 
ISNCY 1 2 
IS30 3 12 
IS3_ssgr_IS150 3 16 
IS200_IS605 2 4 
IS1182 2 2 
IS21 2 3 
IS3_ssgr_IS51 1 8 
IS3 1 8 
IS110 1 1 




There exist two different tnpA open reading frames (ORF). One belonging 
to an IS200 (locus 07), Accession number ADQ14068.1, in which it is the sole 
product of the insertion sequence. 
 
	 31	
Table 3.2. Characteristics of IS200 and IS605 elements in H hydrogeniformans. 




1 Type 2 1B consensus type 2 Halsa_0245 Halsa_0244 Lead 
2 Type 5 2C consensus type 1 N/A Halsa_0258 Lead 
3 Type 5 2C consensus type 1 N/A Halsa_0296 Lag 
4 Type 5 2A consensus type 2 N/A Halsa_0322 Lead 
5 Type 5 1A consensus type 1 N/A Halsa_0445 Lead 
6 Type 5 2A consensus type 2 N/A Halsa_0509 Lag 
7 IS200_TnpA  N/A unknown unknown Halsa_0613 N/A Lag 
8 Type 5 1A consensus type 1 N/A Halsa_0624 Lag 
MITE NA NA Hairpin type 2 NA NA Lag 
9 Type 1 2A consensus type 1 Halsa_0741 Halsa_0742 Lag 
10 Type 5 1A consensus type 1 N/A Halsa_0809 Lag 
11 Type 5 3 consensus type 1 N/A Halsa_0886 Lag 
12 Type 5 3 consensus type 1 N/A Halsa_1064 Lag 
13 Type 3 2A* consensus type 1 Halsa_1089 Halsa_1090 Lag 
14 Type 5 MISC consensus type 2 N/A Halsa_1216 Lead 
15 Type 4 3* consensus MISC Halsa_1228 Halsa_1227 Lead 
16 Type 5 1A consensus type 1 N/A Halsa_1236 Lag 
17 Type 5 2B consensus type 1 N/A Halsa_1482 Lag 
18 Type 5 2B* consensus type 1 N/A Halsa_1629 Lead 
19 Type 5 2B consensus type 1 N/A Halsa_1739 Lag 
20 Type 2 2B consensus type 1 Halsa_2178 Halsa_2179 Lead 
21 Type 5 3 consensus type 2 N/A Halsa_2207 Lead 
22 Type 5 3 consensus type 1 N/A Halsa_2220 Lead 






The other tnpA belonging to the IS605 members, accession number 
WP_013405283.1, of which there are 22 complete, partial, or fragmented copies. 
Each TnpA protein contains a single Y1_Tnp superfamily domain. These will be 
referred to as the IS200 tnpA, and the IS605 tnpA. A protein alignment of each 




Figure 3.1. IS200 TnpA and IS605 TnpA alignment. 
 
 
3.2.1. IS200 tnpA. The IS200 tnpA ORF is 360nt long, consistent with 
other reported IS200 family members. Because this insertion sequence occurs 
without replicates, does not produce target site duplications, or contain inverted 
4/5/16, 10:22 AM
Page 1 of 1http://www.ebi.ac.uk/Tools/services/rest/emboss_stretcher/result/emboss_stretcher-I20160405-162106-0122-2938063-es/out
########################################
# Program: stretcher
# Rundate: Tue  5 Apr 2016 16:21:08
# Commandline: stretcher
#    -auto
#    -stdout
#    -asequence emboss_stretcher-I20160405-162106-0122-2938063-es.asequence
#    -bsequenc  emboss_stretcher-I20160405-162106-0122-2938063-es.bsequence
#    -datafile EBLOSUM62
#    -gapopen 12
#    -gapextend 2
#    -aformat3 pair
#    -sprotein1














# Identity:      62/134 (46.3%)
# Similarity:    87/134 (64.9%)





IS200_TnpA         1 MSNQLDSNRHAKYNLIYHLVVVTKFRKECISDNMYSDLNKHFKRLLEGKN     50
                     |...|::|.|:.|:|.|||||:||:|.|||:..|..:|.|.|.|||:.|.
IS605_TnpA         1 MDRDLNNNYHSVYSLQYHLVVITKYRHECITFEMLEELEKIFTRLLKDKV     50
IS200_TnpA        51 CNLLEFGGEKDHIHVMFSTPPQVQLSKVLNSLKTSTSRLIRRDYGDYLKD    100
                     ||:|||||||||:|::|.|||||||||::|.|||.:||||::.|..:||.
IS605_TnpA        51 CNVLEFGGEKDHVHILFETPPQVQLSKLVNILKTVSSRLIKKQYEHHLKK    100
IS200_TnpA       101 FYLK-----------NISGQEVIVLCVFV----K    119
                     :|.|           :..|..:..:..::    |




repeats, the element ends could not be identified. An attempt to identify 
secondary structures was made by aligning the nucleotide sequence on either 
end of the ORF with each other and each end with its reverse complement 
(Appendix A). However, regions showing significant alignment could not be 
identified above background levels. Additionally, it is unknown if any sequence 
showing alignment was part of the element ends. 
3.2.2. IS605 tnpA. There exist 5 sub-types of the IS605 tnpA, as 
characterized by ORF structural differences, for a total of 22 individuals. Each 
subtype has a complete or partial divergent tnpB ORF. The 5 subtypes are 
described below and visualized in Figure 3.2 where blocks and triangles indicate 
5’ and 3’ orientation. Full sequence alignments of all IS605 tnpA types are found 
in Appendix B. 
Type 1 IS605 TnpA is a single replicate at locus 09 and is 405nt in length. 
This is the only 605 tnpA that could produce a functional protein as types 2-5 
show significant degradation in the ORF.  
Type 2 IS605 tnpA has two replicates (loci 1 and 20). These ORFs align 
with the most 3’ 234 nucleotides of type 1, and are the missing 171 nucleotides 
from the 5’ end.  
Type 3 IS605 tnpA exists as a single replicate at locus 13. Type 3 ORF is 
missing 171 nucleotides from the 5’, 114 nucleotides from the 3’ end, and aligns 
with the central 120 nucleotides of type 1. 
Type 4 IS605 tnpA also occurs as a single replicate at locus 15, aligning 
with the most 3’ 108 nucleotides of type 1. 
	 34	
Type 5 IS605 tnpA is the most commonly occurring with 17 individuals. It 
is also the most fragmented of the five types. Opposed to types 1-4, type 5 IS605 
tnpA does not annotate as a pseudo or hypothetical gene by genomic annotation 
software or by ISsaga. This type is 122 nucleotides long, aligning with the most 5’ 




Figure 3.2. Relative IS605 tnpA sequence structures.  
 
 
3.3. IS605 tnpB 
There are 9 different 605 tnpB open reading frames present in the 
genome totaling 22 copies, each with a corresponding 
complete/partial/fragmented 605 tnpA (see table 3.2 for tnpA/tnpB pairings). 
These 9 different 605 tnpBs can be sorted into 3 primary groups and one 
miscellaneous group. These groups are described below and can be visualized 
in Figure 3.3 where blocks and triangles indicate 5’ to 3’ orientation. Full 












Type 1A tnpB has 4 replicates (loci 05, 08, 10, and 16). This ORF is 1254 
nucleotides in length. This is not the most commonly occurring tnpB but it is the 
ORF most likely to produce a functional protein as types 2-3 and the 
miscellaneous group are sufficiently disrupted. This ORF encodes a protein 
containing three domains, a large ORFB_605 superfamily domain, a 605 central 
region, and a terminal Zn-ribbon binding domain. The element at locus 08 has 
inserted into and disrupted a sigma 54 interacting domain containing protein.  
Type 1B tnpB is a single copy (locus 01) that aligns with type 1A ORFs. 
However, it contains a single nucleotide insertion at position 465 resulting in a 
frame shift and early translation termination. 
Type2A tnpB has 3 replicates (loci 04, 06, and 09) and is 1382 nucleotides 
in length. These tnpB sequences align with type 1A ORFs with the exception of 2 
additional 64 nucleotide inserts at position 433 and 1064. These inserts will be 
referred to as the left insert (LI) and right insert (RI) respectively.  
Type 2A* tnpB is a single replicate (locus 13) and aligns with type 2A 
ORFs. It is classified as a type2A because it contains both LI and RI. It is 
denoted as a 2A* because it also is missing 173 nucleotides starting at 
nucleotide position 151. 
Type 2B tnpB has 3 replicates (loci 17, 19, and 20) and has an ORF of 
1318 nucleotides in length. This ORF aligns with type 2A tnpB but only contains 
the LI. 
Type 2B* tnpB is a single replicate (locus 18) and has the same ORF and 
LI as type 2B ORFs. This element is denoted separately from type 2B because 
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the ORF is disrupted by an insertion sequence 2.6kb in length. This sequence 
was identified manually and by ISsaga as a IS21 family member. Extraction of 
this element reveals that the remainder of the ORF aligns with other type 2B 
ORFs. Interestingly, this putative IS21 mobile element occurs in 3 replicates and 
is proximal to an IS605, IS256, IS200, and IS3. 
Type 2C tnpB occurs in 2 replicates (loci 02, and 03) and is 1318 
nucleotides in length. This tnpB aligns with type 2A ORFs with the exception that 
it contains only the RI. 
Type 3 tnpB has 5 replicates (loci 11, 12, 21, 22, and 23) and is 724 
nucleotides in length. This element aligns with type 2A ORFs with the exception 
that it contains a hybrid insert (HI) at position 433 and is missing the 463 
nucleotides that exist between the LI and RI of type 2A. These inserts are further 
discussed in Section 3.4. 
Type 3* tnpB is a single replicate (locus 15) and is classified as a type 3 
tnpB because of its hybrid insert and absence of an interior sequence. This 
element is denoted separately from other type 3 ORFs as it is in a more 
progressed state of deterioration than the other type3 tnpBs. It totals 499 
nucleotides in length, lacking a 173 nucleotide sequence at position 146, and a 
52 nucleotide sequence at position 422. 
  A single miscellaneous (MISC) tnpB ORF (locus 14) exists in the genome 
and is 172 nucleotides in length. This MISC tnpB ORF contains only the most 5’ 
102 nucleotides, and the most 3’ 70 nucleotides of type 1A ORFs. Due to the 
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lack of internal sequence or inserts, this element cannot be confidently placed in 




Figure 3.3. Relative IS605 tnpB sequence structures. 
 
 
3.4. IS605 tnpA/tnpB INTER-ORF SPACE 
The nucleotide sequence between the two divergent tnpA and tnpB ORFs 
is dependent on the IS605 tnpA ORF type present at each locus and varies on 
the tnpA end of the inter-ORF space. Figure 3.4 shows the nucleotide sequence 
alignments for the space between the ORFs. Each sequence is labeled with the 
IS605 tnpA ORF type it is present with. The inter-ORF sequence alignment for all 




















Figure 3.4. Inter-ORF sequence alignment. 
 
 
3.5. ORF tnpB INSERTS  
The inserts briefly discussed in Section 3.3 can be sorted into 3 groups 
using their location within the ORF and the most terminal 3 nucleotides on the 5’ 
and 3’ ends. The LI and RI are 64 nucleotides in length, while the HI is 67 
nucleotides long. The structure of the three inserts are seen in Figure 3.5. All 
inserts share a common 61 nucleotide central region except where indicated. 
The LI however lacks a GCT sequence on its 3’ end, and the RI insert lacks a 
TCA sequence on it’s 5’ end. The hybrid insert contains both the TCA and GCT 
sequences. This hybrid pattern persists internal to the insert ends between 4 
mismatched nucleotides that are a total of 9 nucleotides apart. These inserts 
disrupt the IS605 tnpB ORF resulting in a non-functional protein.  Insert 






Page 1 of 1http://www.ebi.ac.uk/Tools/services/rest/clustalo/result/clustalo-I20160418-201336-0331-97871092-es/aln-clustal_num
CLUSTAL O(1.2.1) multiple sequence alignment
Type_3      -----------CTCCATTTTTCCTTTTATAAGCAAACATATGTATGGTATAATTATAGTA 49
Type_4      ---------------ATTTTTTCTTTTACAAGCAAACATATGTATGATATAATTATAGTA 45
Type_2      -----------CTCCATTTTTTCTTTTACAAGCAAACATATGTATGATATAATTATAGTA 49
Type_1      AAAAATCAAACCTCCATTTTTTCTTTTACAAGCAAACATATGTATGATATAATTATAGTA 60
Type_5      AAAAATCAAACCTCCATTTTTTCTTTTACAAGCAAACATATGTATGATATAATTATAGTA 60
                           ****** ****** ***************** *************
Type_3      GAATGGAGGTGAAAAATCA 68
Type_4      GGATGGAGGTGAAAAATCA 64
Type_2      GGATGGAGGTGAAAAATCA 68
Type_1      GGATGGAGGTGAAAAGTCA 79
Type_5      GGATGGAGGTGAAAAGTCA 79
            * ************* ***
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3.6. ORF tnpB PHYLOGENY 
IS605 tnpB ORFs were used for the analysis because they contain a 




Figure 3.5 Relative insert sequence structure 
 
 
Because of their more deteriorated state, types 2A*, 3* and MISC were excluded. 
The phylogenetic tree is located in Figure 3.6 and is labeled with the tnpB type 
and which locus it appears in (ex. T1A_05; Type 1A_Locus05). In the 



















Figure 3.6. ORF tnpB phylogeny. Each tnpB is labeled with the type and locus 
number it appears in. Branches are labeled with branch support values. Branch 
length is ignored. 
 
 
3.7. ELEMENT ENDS 
The left end (LE) of the element, as defined as the sequence downstream 
of the IS605 tnpA ORF, is composed of a 60 nucleotide sequence for all but one 
of the 22 elements. The LE of locus 13 is missing 11 nucleotides on its tnpA end. 






































which is consistent with IS200/605 family members. The left end sequence 
alignment for all loci is found in Appendix F. 
The right end (RE) of the element, as defined as the sequence 
downstream of the 605 tnpB ORF, can be sorted into two groups and one 
miscellaneous based on the presence of a 28 nucleotide insert. Type 1, the 
consensus RE present for all elements unless otherwise stated, extends 132 
nucleotides past the 3’ end of the tnpB ORF. Type 2 is present at five loci (loci 
01, 04, 06, 14, and 21). Type 2 RE contains a 28 nucleotide insert at position 99, 
and has a total length of 160 nucleotides.  This 28 nucleotide insert does not 
show significant sequence similarity to the IS605 tnpB ORF inserts described in 
Section 3.4. The miscellaneous RE (locus 15) extends only 23 nucleotides past 
the 3’ end of its respective tnpB ORF. Unlike the locus 18 tnpB disruption where 
the remainder of the element can be clearly identified beyond the putative IS21 
family member, the remainder of the RE for locus 15 cannot be located. The right 
end sequence alignment for all loci is found in Appendix G. 
 
3.8. HAIRPIN STRUCTURES 
Both LE and RE sequences of the IS605 elements contain a hairpin 
structure required by IS200/605 family members for transposition. 
3.8.1. Left End Structure. The LE has only one possible hairpin structure. 
It is composed of a 10 base pair stem, and 8 nucleotide loop starting 23 
nucleotides form the 5’ end of element (tnpB encoding strand). The LE sequence 
alignment highlighting the structure is seen in Figure 3.7. Figure 3.8 shows the 
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structure of the LE hairpin. The LE reverse complement alignments for 
identification of potential LE structure is found in Appendix H. 
3.8.2. Right End Structures. The RE has 3 potential structures.  
Structures 1, 2, and 3, begin 52, 78, and 91 nucleotides from the 3’ end of the 
tnpB ORF respectively. These structures form an imperfect stem with 8 out of 10, 
9 out of 11, and 11 out of 13 base pairs with a 5, 7, and 8 nucleotide loop 
respectively. The 28 nucleotide insert present in the RE of 5 elements is inserted 
within structures 2 and 3, but not structure 1. The RE structures 1, 2, and 3 are in 
Figure 3.9, 3.10, and 3.11 respectively. The RE alignment of sequences 
highlighting these structures is shown in Figure 3.12. The RE reverse 















Figure 3.8. Left end hairpin structure. 
Output of sir_graph (©)
mfold_util 4.7
Created Wed Apr  6 18:03:25 2016































Figure 3.9. Right end hairpin structure 1. 
Output of sir_graph (©)
mfold_util 4.7
Created Wed Apr  6 18:24:19 2016
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dG = 0.11 RE Hairpin Structure 2




























Figure 3.11. Right end hairpin structure 3. 
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Figure 3.12. Highlighted sequence of right end structures. 
 
 
3.8.3.  ORF tnpB Insert Structure. The 605 tnpB ORF inserts also 
contain a secondary hairpin structure. This structure is an imperfect stem with 7 
out of 9 bp and a 5 nucleotide loop. The structure is shown in Figure 3.13. The 
insert sequence highlighting the structure is shown in Figure 3.14. The reverse 
complement alignments used to identify potential tnpB insert structure is found in 
Appendix J. 
 
3.9. MINIATURE INVERTED REPEAT TRANSPOSABLE ELEMENTS 
One IS605 MITE was identified within the genome. This MITE is 
approximately 271 nucleotides in length beginning at nucleotide positon 843,418 
in the genome and is closely located to locus 09. This MITE contains the last 58 
nucleotides of tnpB ORF, no sequence of the 605 tnpA ORF, 28 nucleotides of 
the LE, and the entire 160 nucleotides of group 2 RE. The 28 nucleotides 
aligning with the LE contain the predicted secondary hairpin structure of the LE. 
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The LE, tnpB portion, and RE of the MITE are aligned with representatives in 
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Figure 3.17. MITE RE alignment. 
	
4/7/16, 5:41 PM
Page 1 of 1http://www.ebi.ac.uk/Tools/services/rest/emboss_needle/result/emboss_needle-I20160407-234035-0359-62835440-oy/aln
########################################
# Program: needle
# Rundate: Thu  7 Apr 2016 23:40:39
# Commandline: needle
#    -auto
#    -stdout
#    -asequence emboss_needle-I20160407-234035-0359-62835440-oy.asequence
#    -bsequence emboss_needle-I20160407-234035-0359-62835440-oy.bsequence
#    -datafile EDNAFULL
#    -gapopen 10.0
#    -gapextend 0.5
#    -endopen 10.0
#    -endextend 0.5
#    -aformat3 pair
#    -snucleotide1














# Identity:      28/60 (46.7%)
# Similarity:    28/60 (46.7%)





MITE_LE            1 -----------------------CTCCATCCAAGCTATGCATTGGGTGGA     27
                                            |||||||||||||||||||||||||||
Locus09_LE         1 TTTATCTAAAACTGCCAAGAAAACTCCATCCAAGCTATGCATTGGGTGGA     50
MITE_LE           28 G---------     28
                     |         




Page 3 of 3http://www.ebi.ac.uk/Tools/services/rest/emboss_needle/result/emboss_needle-I20160407-233646-0168-57652690-pg/aln
Locus16_tnpB     951 AAAAAAATTAATTGAATACAAAGCTAAACTAAAAGGTATCAAAGTTGTTG   1000
                                                                       
MITE_tnpB          1 --------------------------------------------------      0
Locus16_tnpB 100 GAATTGATGAAAGCTATACTTCTGGATG AGTTCAGTA ATC AAAAA   1050
                               
MITE_tnpB --------------------------------------------------      0
Locus16_tnpB 1051 ATAAATAAAAGTAACTATGATAAATCCAGAAGAATTACTAGAGGTCTCTT   1100
                                             
MITE_tnpB  --------------------------------------------------      0
Locus16_tnpB    1101 TAAAACTAACGAGGGCCTATTAATTAATGCTGATCAGAATGGTAGTTTTA   1150
                                                                       
MITE_tnpB          1 -------------------------------      0
Locus16_tnpB    1151 ATATACTTCGTAAATACCATAACGATAAATGTATTCTCAGACCTATCAAA   1200
                                                                  |||||
MITE_tnpB          1 ---------------------------------------------TCAAA      5
Locus16_tnpB    1201 GAGGCGAGAGATAATGGATTTGTGGACAATCCTTCAAGATTAAGGGTATC   1250
                     ||||.||||||||||||||||||||.||||||||||||||||||||||||
MITE_tnpB          6 GAGGTGAGAGATAATGGATTTGTGGCCAATCCTTCAAGATTAAGGGTATC     55
Locus16_tnpB    1251 CTAA   1254
                     ||||




Page 1 of 2http://www.ebi.ac.uk/Tools/services/rest/emboss_needle/result/emboss_needle-I20160407-234533-0880-47023584-pg/aln
########################################
# Program: needle
# Rundate: Thu  7 Apr 2016 23:45:34
# Commandline: needle
#    -auto
#    -stdout
#    -asequence emboss_ne dle-I20160407-234533-0880-47023584-pg.asequence
#    -bsequence emboss_needle-I20160407-234533-0880-47023584-pg.bsequence
#    -datafile EDNAFULL
#    -gapopen 10.0
#    -gapextend 0.5
#    -endopen 10.0
#    -endextend 0.5
#    -aformat3 pair
#    -snucleotide1














# Identity:     159/160 (99.4%)
# Similarity:   159/160 (99.4%)





MITE_RE            1 ACTATTAGGAGCAAAACTTAAAAGCCAAACATCTTGTAAACTGACCTAGT     50
                     ||||||||||||||||||||||||||||||||||||||||||||||||||
Locus01_RE         1 ACTATTAGGAGCAAAACTTAAAAGCCAAACATCTTGTAAACTGACCTAGT     50
MITE_RE           51 AATATAGGTTGAACTTTAATCTATATGAAGCAGTTAGAAGCTCCATCCGA    100
                     ||||||||||||||||||||||||||||||||||||||||||||||||||
Locus01_RE        51 AATATAGGTTGAACTTTAATCTATATGAAGCAGTTAGAAGCTCCATCCGA    100
MITE_RE          101 CGCGAAGCTAGTATCTCTTTTGATGCAAATCTTGGTTTTGATTTAGGTGG    150
                     |||||||||||.||||||||||||||||||||||||||||||||||||||
Locus01_RE       101 CGCGAAGCTAGCATCTCTTTTGATGCAAATCTTGGTTTTGATTTAGGTGG    150
MITE_RE          151 AGAGGTTCAC    160
                     ||||||||||





4.1. INSERTION SEQUENCE IDENTIFICATION 
Y1 elements in Halanaerobium hydrogeniformans were chosen for 
detailed characterization because of their progressed stages of decay, their 
misidentification by the semi-automatic insertion sequence annotation program, 
and because Y1 elements do not have a strong preference for cis transposition 
(which is the preference for a transposase to act on the element that it was 
transcribed from). Many of the IS605 elements were identified as solo tnpB 
(IS1341) elements because partial IS605 tnpA sequences were not detected. 
Additionally, the most closely related tnpB in the ISfinder library (what ISsaga 
relies on for annotation), was a tnpB of an IS607, a serine transposase. This 
explains why many of the IS605’s encoding only the tnpB were identified as a 
IS607 and suggests that for insertion sequences deposited in the ISfinder library, 
this IS605 is the closest relative to the IS607’s or that other IS605 tnpB’s have 
also been misidentified. 
The misidentification of many of the IS605 elements in H. 
hydrogeniformans by ISsaga highlights the need for more developed automated 
insertion sequence annotation programs, and the importance of manual curation 
for the identification of insertion sequences. It also indicates the limits of library 




4.2. ORF tnpB PHYLOGENY 
A phylogenetic tree between the major tnpB ORFs was constructed to 
determine the order of transposition events of the IS605 elements. The tnpB 
ORF was chosen because it is the most consistent sequence between the 22 
IS605 elements. ORFs of tnpB types 2A*, 3*, and MISC were not included in the 
phylogenetic analysis due to their further degraded state. To eliminate the effects 
of the inserts and the missing inter-insert sequence on the phylogeny, the inserts 
were manually removed and phylogeny was inferred without G-blocks curation. 
It was hypothesized that elements sharing structural similarities (LI/RI/HI) 
would form a clade on the phylogenetic tree, and that it could be inferred when 
deletion and insertion events took place. If these elements were replicating 
without recombination, tnpB’s with similar structure (LI/RI/HI) should form a 
clade. For example, all type 2A’s would clade together, all type 2B’s would clade 
together, and all type 2C’s would clade together.  Figure 3.6 however shows that 
tnpB ORFs sharing structural similarities do not form a clade. This strongly 
indicates that recombination between tnpB ORFs is occurring.  
This evidence of insertion sequence recombination is contrary to past 
research. Insertion sequences were screened for evidence of recombination by 
searching for break points and for pairs of insertion sequence fragments showing 
more similarity to one another. The research concluded that there was no 
evidence of recombination or gene conversion [54]. It should be noted however, 
that the research excluded IS200/605 elements from the survey and was limited 
complete and annotated insertion sequences. Whereas the results presented 
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here contain elements that were originally annotated as pseudogenes but later 
manually identified as tnpB disrupted ORFs. 
 
4.3. INVASION – EXPANSION – EXTINCTION CYCLES 
Insertion sequences have a high sequence similarity within genomes [52]. 
There is a lack of evidence for recombination and gene conversion between 
elements [54]. Insertion sequences have a patchy distribution among genomes 
[56]. These observations have led to the generally accepted hypothesis that 
insertion sequences undergo invasion, expansion, and extinction cycles in their 
free living hosts.  
Contrary to the DDE family of insertion sequences that show strong 
preference for cis action [9], Y1 elements do not. Strong cis action increases 
selective pressure against elements with disrupted, or otherwise non-functional 
protein encoding ORFs, because these elements have a reduced ability to 
replicate. Thus, Y1 elements with degraded ORFs encoding nonfunctional TnpA 
protein can still replicate, so long as they maintain the secondary structures 
necessary for transposition and there is at least one functional transposase 
encoded somewhere in the genome. This lack of cis preference has allowed for 
the observation of IS605 elements in various stages of degradation. 
The present IS605 elements may be in the extinction phase of the 
insertion sequence cycle. Because they are not immediately selected against, 
elements with deletions and disruptions can accumulate in the genome and be 
observed. Other families of insertion sequences may degrade in similar ways 
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within their host genome, and their degraded states have not been observed 
because, unlike Y1 elements, their disrupted copies are removed from the 
genome. 
Furthermore, recombination between insertion sequences may help 
explain the rapid extinction of elements in a genome. While ORF disruptions or 
fatal mutations may accumulate in one element, they can spread throughout 
replicates in the genome via recombination. This would reduce the number of 
elements with an intact transposase gene. 
 
4.4. TYPE 5 tnpA 
It is worth noting that the most commonly occurring 605 tnpA is type 5 (17 
of the 22 elements).  The abundance of IS605 elements containing a type 5 tnpA 
may be a result of increased rates of transposition relative to the other IS605 
tnpA types. Presented here are two possibilities for an increased rate of 
transposition for elements containing a type 5 605 tnpA. Either size reduction 
increases transposition frequency, or the missing tnpA nucleotide sequence 
could have a regulatory function as well as encode a TnpA protein. 
IS605 exclusively excises from, and preferentially inserts into ssDNA. This 
preference leads to a bias towards lagging strand template insertion when 
transposition is coupled with host replication [30]. As element size increases, the 
probability that both ends of the element exist as ssDNA decreases. 
Alternatively, as Okazaki fragment size increases, so does the probability that the 
element ends exist as ssDNA in the lagging strand template. 
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Thus, as element size decreases there is an increase in genome 
replication associated transposition events [30]. The 282 nucleotide size 
reduction of an element with a type 5 tnpA may increase the frequency of 
transposition by increasing the time spent in a ssDNA state during replication. It 
would be expected however that the size reduction of type 3 tnpB  (530nt) would 
also increase the rate of transposition. The discrepancy in copy number of these 
elements, (6 type 3 tnpB vs 17 type 5 tnpA), does not support this. However, the 
accuracy of the phylogenetic tree is diminished by recombination events between 
elements, and it cannot be inferred which of the elements existed in the genome 
first or which has a higher relative replication rate. 
A reduced element size increasing transposition frequency is an unlikely 
reason for the disproportional number of type 5 tnpA. This explanation relies on 
genome replication associated transposition and a preference for lagging strand 
template insertion. As seen in Table 3.2, there is no skew for or against insertion 
into the lagging strand template (10 of 22 tnpAs on leading strand) 
The TnpB protein serves as a potential IS605 transposition regulatory 
protein and has been shown to inhibit IS605 excision and insertion. It is 
hypothesized that TnpB protein inhibits transposition by binding the terminal DNA 
hairpin structures or the TnpA protein itself. TnpB mediated transposition 
inhibition is dependent on the terminal Zn finger domain [35]. However, it has not 
been established what this domain interacts with. It is possible that the TnpB 
protein binds ssDNA of the IS605 tnpA ORF sequence, inhibiting TnpA binding or 
dimerization and preventing transposition. If the region of binding were missing 
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(Figure 3.2, type 5 tnpA) TnpB could not inhibit transposition and elements 
without this sequence would have an increased rate of transposition.  
Alternatively, the disproportional number of type 5 tnpAs may be a relic of 
early formation after insertion sequence acquisition, and selective pressure 
against functional TnpA proteins. Without an accurate phylogenetic tree, it cannot 
be determined when this type of tnpA formed. 
 
4.5. ORF tnpB INSERT 
Left and right inserts (LI & RI) contain a common core 58 nucleotides and 
are distinguishable by their most 5’ and 3’ three nucleotides. All LI contain a TCA 
as the most 5’ three nucleotides, while all RI contain a GCT as the most 3’ three 
nucleotides. The hybrid insert (HI) is 67 nucleotides in length and contains both 
TCA and GCT trinucleotide sequences at the 5’ and 3’ ends of the insert as seen 
in Figure 3.5. This pattern indicates that a recombination event has occurred 
between a LI and a RI to form a hybrid insert. 
This same hybrid pattern persists internal to the insert ends. The LI 
contains an ATAA and a A at nucleotide positions 20 and 33 respectively, while 
the RI contain a TAAT and T at these positions. The hybrid insert contains the 
ATAA and T at positions 20 and 33 indicating LI towards the 5’ end and RI 
towards the 3’ end. This suggests that the initiating endonuclease for 
recombination between these inserts has a higher affinity for the sequence 
between positions 20 and 33 of the insert. 
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These hybrid inserts (HI) are the product of recombination from a LI and a 
RI of either the same or different elements, (e.g. a single T2A that contains both 
a LI and RI, or a T2B and a T2C that contain a LI and a RI respectively). If the 
recombination event were to take place between a LI and RI of different 
elements, the results would be one element containing a hybrid insert with LI and 
RI characteristics at the 5’ and 3’ ends respectively, excluding the ORF regions 
between inserts (type 3 tnpB, Figure 3.3), and another element containing a HI 
with the LI and RI characteristics at the 3’ and 5’ ends respectively, with the 
sequence between the inserts being duplicated. 
If the recombination took place between a LI and RI of the same element, 
only one product capable of transposition could be formed, that is a hybrid insert 
with LI and RI characteristics at the 5’ and 3’ ends, (type 3 tnpB, Figure 3.3).  
No inserts were observed in the genome showing LI or RI characteristics 
at the 3’ and 5’ ends, nor were inter insert sequence duplications identified. It is 
hypothesized that all type 3 elements containing a HI are a result of 
recombination between a LI and a RI of a type 2A tnpB.  
The LI and RI show high sequence similarity, indicating that that they 
originated from the same source. The differentiating three nucleotide sequence 
at either end suggests an imprecise excision of the insert before insertion into the 
IS605 tnpB ORF. The 64 nucleotide sequence of the insert, or any part of it, is 
not found in the genome outside a tnpB ORF. 
The independent insertion of all the LI and RI to the same relative location 
within the tnpB ORF is unlikely. Their reoccurrence in tnpB ORF is thus likely a 
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result of two insertion events and the replication of those elements. As such it is 
also hypothesized that the presence of these inserts in the tnpB ORF does not 
impede transposition of the IS605 elements. 
 
4.6. ELEMENT ENDS AND STRUCTURES 
Element ends of IS200/605 family members contain hairpin structures 
indispensable for transposition. In characterized IS200/605 elements, left end 
(LE) and right end (RE) structures are the same for each element [32], [28].  
The LE sequence for all IS605 elements in H. hydrogeniformans is highly 
conserved and stretches 60nt downstream of the tnpA ORF. The LE has the 
potential to form a single hairpin structure (Figure 3.7) but shows no sequence 
homology to the RE.  
The RE of the IS605 elements is 132 nucleotides in length and has the 
potential to form 3 different hairpin structures (Figure 3.9, 3.10, and 3.11). 
Highlighted sequences of the RE structures (Figure 3.12) show that structures 2 
and 3 have significant overlap, making them mutually exclusive. Structures 1 and 
3 are separated by 14 nucleotides, so it may be possible to form both structures 
simultaneously. The base pairing in the stems of structures 1 and 2 however, are 
separated by a single nucleotide. It is not clear if structures 1 and 2 are exclusive 
or competitive, as a single nucleotide space may permit both structures to co-
exist.  
There has previously been speculation that the terminal hairpins 
structures of IS200/605 elements serve as a transcriptional terminator as well as 
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prevents ribosome binding. It has since been established that they play a 
mechanistic role in transposition [24]. Potentially competing and mutually 
exclusive structures may further serve a regulatory role by preventing the 
mechanistic hairpin structure from being bound by a TnpA monomer. 
Competitive structures have been reported before, although in these 
instances it was clear which structures were mechanistic as only a single 
common structure was observed between the LE and the RE [24].  
Of characterized IS200/605 elements, it is unknown whether the TnpA 
binds the terminal hairpins through structure recognition or DNA sequence 
recognition in the stem or loop of the structures [23]. This is the first known report 
to describe a characterized IS605 element that does not contain the same 
secondary structure at both the LE and RE. This difference in LE and RE 
structure, while maintaining transposable capability of the element, suggests that 
the hairpin is recognized from structure alone. However, there could be a short 
conserved sequence in both LE and RE structures recognized by TnpA. 
Underlined in the highlighted LE structure sequence (Figure 3.8) and the 
highlighted RE structure 2 sequence (Figure 3.12) is a common AAGCT. This 
pentanucletoide sequence is presented in the hairpin loop in both structures. The 
sequence and location in the hairpin is the strongest similarity between any of the 
potential structures.  This suggests that RE structure 2 is mechanistic, implying 
that RE structure 1 and 3 are potentially regulatory, and that TnpA recognizes a 
pentanucleotide sequence AAGCT in the loop of the hairpin structure. 
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At five loci, a 28 nucleotide long sequence has inserted into structure 2 
and 3. This insert occurs immediately after nucleotide 21 of structure 2 and 
nucleotide 8 of structure 3 disrupting both structures. Because elements 
containing this RE insert have replicated (loci 01, 04, 06, 14, and 21), it is not 
completely preventing replication.  
This supports the notion that RE structure 1 is the mechanistic structure. 
However, as the insert occurs toward the end of the structure, the AAGCT 
pentanucletoide sequence in the loop of structure 2 could still be presented. It is 
possible that the insert only reduces the affinity of TnpA for the RE structure 2. 
Elements surveyed by Ronning [28] were shown to excise in a strand 
specific manner dependent on a secondary loop containing a T in the stem of the 
structure. RE structure 2 (Figure 3.10) contains a 3 nucleotide secondary loop 
containing a T. This secondary loop however is not present in the LE structure of 
elements described here. 
Of note is the secondary structure of the tnpB ORF insert (Figure 3.13). In 
the reported strand, this hairpin contains an AAGCT pentanucleotide sequence in 
the loop. Additionally, an AAGGT sequence can be found in a more similar 
position compared to the pentanucleotide sequence in the LE structure and the 
RE structure 2. The complement strand hairpin also contains an AAGCT 
sequence in a similar position compared to the two structures. The implications 





Bacterial MITES are typically difficult to identify as they are short elements 
and the parental transposable elements are often no longer present in the 
genome. A single IS605-related MITE was located in H. hydrogeniformans. This 
element is 247 nucleotides in length. It contains 28 nucleotides of the LE (Figure 
3.15), the last 59 nucleotides of the IS605 tnpB ORF (Figure 3.16), and the entire 
160 nucleotides of a RE containing the 28 nucleotide insert (Figure3.17 ). These 
sequences occur in succession, without gaps. The 28 nucleotides of the LE 
contain the entire LE hairpin structure.  The LE hairpin structure and an intact RE 
make it likely that this element is transposable. 
 
4.8. CONCLUSIONS 
Although only a single element contains an intact IS605 tnpA, all IS605 
elements reported here contain intact hairpin structures and are likely capable of 
transposition by a TnpA acting in trans. Dissimilar RE and LE structure 
sequences suggest that hairpin recognition may be independent of hairpin 
sequence, although a conserved pentanucleotide sequence present in the 
hairpin loop is suggestive of a sequence specific recognition. Unique to our 
findings, the inserts in the tnpB ORF provide structural differences that can be 
used to infer recombination between insertion sequences. Because these Y1 
elements do not rely on the integrity of their ORF for transposition, their detailed 
survey in a single genome provides a snapshot of how insertion sequences 
degrade during invasion-expansion-extinction cycles.  
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4.9. FUTURE DIRECTIONS 
The results presented here explore interesting insertion sequence activity 
within Halanaerobium hydrogeniformans. However, they only provide a snapshot 
of activity. While there is evidence indicating element recombination, direct 
evidence for insertion sequence recombination is absent. Similarly, it is 
hypothesized that all the IS605 elements discussed are transposable due to their 
intact secondary structures. However, direct evidence of transposition is still 
needed. The LE and RE of the element do not share a common secondary 
structure sequence. It is unknown what commonality between the structures is 
essential for TnpA recognition. Future directions for research would address 
these issues.  
Amplification and sequencing of the IS605 insertion sequences from a 
new sample of H. hydrogeniformans from the environment and comparison of the 
tnpB ORFs and flanking sequences could elucidate transposition and 
recombination hypotheses. TnpA and TnpB binding assays with elements 
containing mutated hairpin structures could help determine the functional 
sequences of the hairpins and the mechanism by which TnpB inhibits 
transposition 
Immediate future research would include the comparison of the IS605 
elements in H. hydrogeniformans to those in Halanaerobium saccharolyticum. H. 
saccharolyticum is the closest relative to H. hydrogeniformans and the sequence 
of its genome is currently being determined. Partial genome sequences from the 
project are available. Initial observations from the partial sequences show that H. 
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saccharolyticum contains a highly similar TnpA and TnpB to those described 
here (approximately 90% nucleotide similarity) in its genome in fragmented and 
partial copies. Interestingly, Halanaerobium praevalens, which is closely related 
to H. hydrogeniformans and H. saccharolyticum, does not contain any of the 
IS605 insertion sequences described in this work. Comparison of the elements 
and syntenic regions between H. hydrogeniformans, H. saccharolyticum, and H. 
praevalens would help us understand the origins of these elements, their 
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########################################
# Program: water
# Rundate: Mon 18 Apr 2016 19:27:58
# Commandline: water
#    -auto
#    -stdout
#    -asequence emboss_water-I20160418-192757-0626-76697175-pg.asequence
#    -bsequence emboss_water-I20160418-192757-0626-76697175-pg.bsequence
#    -datafile EDNAFULL
#    -gapopen 10.0
#    -gapextend 0.5
#    -aformat3 pair
#    -snucleotide1














# Identity:      37/76 (48.7%)
# Similarity:    37/76 (48.7%)





IS200_RE          22 TATTAGTTTACAACTAAGTT--ATA------TCATAATATAAATATACTA     63
                     |||||.|||         ||  .||      ||        |||.|.|.|
IS200_LE           1 TATTATTTT---------TTGCTTACCCGGGTC--------AATTTTCAA     33
IS200_RE          64 TAATATAACAATAGAGTCAATAATTT     89
                     |    |||.||.||.||||  |||||
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# /nfs/public/ro/es/appbin/linux-x86_64/fasta-36.3.7b/lalign36 -m 9i lalign-I20160418-
191714-0360-63708530-oy.asequence lalign-I20160418-191714-0360-63708530-oy.bsequence -n -r 
+5/-4 -f -12 -g -4 -E 10.0 -m 0 -m "F11 lalign-I20160418-191714-0360-63708530-
oy.output.lav"
LALIGN finds non-overlapping local alignments
version 36.3 7b Jun, 2015(preload9)
Please cite:
 X. Huang and W. Miller (1991) Adv. Appl. Math. 12:373-381
Query: lalign-I20160418-191714-0360-63708530-oy.asequence
  1>>>IS200_LE - 53 nt
Library: lalign-I20160418-191714-0360-63708530-oy.bsequence
       53 residues in     1 sequences
Statistics: (shuffled [500]) MLE statistics: Lambda= 0.1760;  K=0.6198
 statistics sampled from 1 (1) to 500 sequences
Threshold: E() < 10 score: 29
Algorithm: Smith-Waterman (SSE2, Michael Farrar 2006) (7.2 Nov 2010)
Param ters DNA matrix (5:-4), open/ext: -12/-4
Sca  time:  0.000
The best non-identical alignments are:     ls-w bits E(1) %_id  %_sim  alen
IS200_LE_RC                     (  53) [r]   46 12.4    0.41 0.553 0.553   47
+-                                           46 12.4    0.41 0.909 0.909   11
+-                                           31 8.6       1 0.875 0.875    8
+-                                           30 8.3       1 1.000 1.000    6
IS200_LE_RC                     (  53) [f]   50 13.4    0.23 0.650 0.650   40
+-                                           34 9.3    0.99 0.714 0.714   14
+-                                           34 9.3    0.99 0.714 0.714   14
+-                                           33 9.1    0.99 0.750 0.750   12
+-                                           33 9.1    0.99 0.750 0.750   12
+-                                           30 8.3       1 1.000 1.000    6
+-                                 30 8.3       1 0.667 0.667   15
+-                              30 8.3       1 0.667 0.667   15
>>>IS200_LE, 53 nt vs lalign-I20160418-191714-0360-63708530-oy.bsequence library
>>IS200_LE_RC                                             (53 nt)
 Waterman-Eggert score: 46;  68.0 bits; E(1) <  9.7e-18
55.3% identity (55.3% similar) in 47 nt overlap (53-7:2-48)
         50        40        30        20        10   
IS200_ AAATTTGACCCTTTTATTAATTGAAAATTGACCCGGGTAAGCAAAAA
       :: ::   :: :::  : : :  ::: :   :: ::  :   :::::
IS200_ AATTTGACCCTTTTATTAATTGAAAATTGACCCGGGTAAGCAAAAAA
              10        20        30        40        
>--
 Waterman-Eggert score: 46;  12.4 bits; E(1) <  0.41
90.9% identity (90.9% similar) in 11 nt overlap (53-43:24-34)
         50       
IS200_ AAATTTGACCC
       ::: :::::::
IS200_ AAAATTGACCC
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>--
 Waterman-Eggert score: 31;  8.6 bits; E(1) <  1
87.5% identity (87.5% similar) in 8 nt overlap (11-4:46-53)
       10      
IS200_ AAAAAATA
       ::: ::::
IS200_ AAATAATA
          50   
>--
 Waterman-Eggert score: 30;  8.3 bits; E(1) <  1
100.0% identity (100.0% similar) in 6 nt overlap (35-30:26-31)
             
IS200_ AATTGA
       ::::::
IS200_ AATTGA
          30 
>>IS200_LE_RC                                             (53 nt)
 Waterman-Eggert score: 50;  13.4 bits; E(1) <  0.23
65.0% identity (65.0% similar) in 40 nt overlap (1-39:15-53)
               10         20        30         
IS200_ TATTATTTTTTGCTT-ACCCGGGTCAATTTTCAATTAATA
       ::::: ::     :: :::::::: ::     :: :::::
IS200_ TATTAATTGAAAATTGACCCGGGT-AAGCAAAAAATAATA
           20        30         40        50   
>--
 Waterman-Eggert score: 34;  9.3 bits; E(1) <  0.99
71.4% identity (71.4% similar) in 14 nt overlap (27-40:14-27)
         30        40
IS200_ TTTTCAATTAATAA
       :: : :::: : ::
IS200_ TTATTAATTGAAAA
            20       
>--
 Waterman-Eggert score: 34;  9.3 bits; E(1) <  0.99
71.4% identity (71.4% similar) in 14 nt overlap (29-42:12-25)
       30        40  
IS200_ TTCAATTAATAAAA
       ::  ::::::  ::
IS200_ TTTTATTAATTGAA
              20     
>--
 Waterman-Eggert score: 33;  9.1 bits; E(1) <  0.99
75.0% identity (75.0% similar) in 12 nt overlap (31-42:42-53)
               40  
IS200_ CAATTAATAAAA
4/18/16, 1:16 PM
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# /nfs/public/ro/es/appbin/linux-x86_64/fasta-36.3.7b/lalign36 -m 9i lalign-I20160418-
175531-0212-58439612-oy.asequence lalign-I20160418-175531-0212-58439612-oy.bsequence -n -r 
+5/-4 -f -12 -g -4 -E 10.0 -m 0 -m "F11 lalign-I20160418-175531-0212-58439612-
oy.output.lav"
LALIGN finds non-overlapping local alignments
 version 36.3.7b Jun, 2015(preload9)
Please cite:
 X. Huang and W. Miller (1991) Adv. Appl. Math. 12:373-381
Query: lalign-I20160418-175531-0212-58439612-oy.asequence
  1>>>IS200_RE - 101 nt
Library: lalign-I20160418-175531-0212-58439612-oy.bsequence
      101 residues in     1 sequences
Statistics: (shuffled [500]) MLE statistics: Lambda= 0.0991;  K=0.2966
 statistics sampled from 1 (1) to 500 sequences
Threshold: E() < 10 score: 58
Algorithm: Smith-Waterman (SSE2, Michael Farrar 2006) (7.2 Nov 2010)
Parameters: DNA matrix (5:-4), open/ext: -12/-4
 Scan time:  0.000
The best non-identical alignments are:     ls-w bits E(1) %_id  %_sim  alen
IS200_RE_RC                     ( 101) [r]   78 12.9    0.74 0.633 0.633   60
+-                                           66 11.2    0.99 0.667 0.667   63
+-                                           59 10.2       1 0.547 0.547   64
IS200_RE_RC                     ( 101) [f]  116 18.3    0.03 0.690 0.690   58
+-                                           92 14.9    0.28 0.621 0.621   58
+-                                           90 14.6    0.33 0.581 0.581   93
+-                                           86 14.0    0.45 0.627 0.627   67
+-                                           82 13.5    0.59 0.607 0.607   56
+-                                           82 13.5    0.59 0.607 0.607   56
+-                                           74 12.3    0.86 0.612 0.612   49
+-                                           68 11.5    0.97 0.656 0.656   61
+-                                           68 11.5    0.97 0.621 0.621   58
+-                                           66 11.2    0.99 0.630 0.630   54
>>>IS200_RE, 101 nt vs lalign-I20160418-175531-0212-58439612-oy.bsequence library
>>IS200_RE_RC                                             (101 nt)
 Waterman-Eggert score: 78;  73.9 bits; E(1) <  5.6e-19
63.3% identity (63.3% similar) in 60 nt overlap (98-40:23-78)
               90        80        70        60        50          
IS200_ CTTTATT-TGAAATTATTGACTCTATTGTTATATTATAGTATATTTATATTATGATATAA
       :: :::: : : ::::: :    :::  :::::::::  ::::  :   :: : :  :::
IS200_ CTCTATTGTTATATTATAG----TATATTTATATTATGATATAACTTAGTTGTAAACTAA
             30        40            50        60        70        
>--
 Waterman-Eggert score: 66;  11.2 bits; E(1) <  0.99
66.7% identity (66.7% similar) in 63 nt overlap (92-34:19-79)
        90        80          70         60         50        40   
IS200_ TTGAAATTATTGACTCTATTGT--TATATT-ATAGTAT-ATTTATATTATGATATAACTT
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       20        30         40        50        60         70      
          
IS200_ AGT
       : :
IS200_ AAT
          
>--
 Waterman-Eggert score: 59;  10.2 bits; E(1) <  1
54.7% identity (54.7% similar) in 64 nt overlap (73-10:34-97)
         70        60        50        40        30        20      
IS200_ TGTTATATTATAGTATATTTATATTATGATATAACTTAGTTGTAAACTAATATTTTATAG
       : ::::: :::: :    ::::  ::: :  ::  :      :::  :  :::   : ::
IS200_ TATTATAGTATATTTATATTATGATATAACTTAGTTGTAAACTAATATTTTATAGGAGAG
            40        50        60        70        80        90   
           
IS200_ GAGA
       :: :
IS200_ GATA
           
>>IS200_RE_RC                                             (101 nt)
 Waterman-Eggert score: 116;  18.3 bits; E(1) <  0.03
69.0% identity (69.0% similar) in 58 nt overlap (15-72:7-63)
           20        30        40        50        60        70  
IS200_ TATAAAATATTAGTTTACAACTAAGTTATATCATAATATAAATATACTATAATATAAC
       :::   : :::: :: ::      ::::::: ::: ::::  :::: ::: :::::::
IS200_ TATTTGAAATTA-TTGACTCTATTGTTATATTATAGTATATTTATATTATGATATAAC
         10         20        30        40        50        60   
>--
 Waterman-Eggert score: 92;  14.9 bits; E(1) <  0.28
62.1% identity (62.1% similar) in 58 nt overlap (1-58:44-101)
               10        20        30        40        50        
IS200_ TATATATCCTCTCCTATAAAATATTAGTTTACAACTAAGTTATATCATAATATAAATA
       ::: :::  : :  :::::  :: : ::  :: : ::  :::::  : :  ::: :::
IS200_ TATTTATATTATGATATAACTTAGTTGTAAACTAATATTTTATAGGAGAGGATATATA
            50        60        70        80        90       100 
>--
 Waterman-Eggert score: 90;  14.6 bits; E(1) <  0.33
58.1% identity (58.1% similar) in 93 nt overlap (8-99:3-94)
        10        20         30        40        50        60      
IS200_ CCTCTCCTATAAAATATT-AGTTTACAACTAAGTTATATCATAATATAAATATACTATAA
       ::: :  :  ::: :::: : : ::    ::  :::::  ::: :   : :::  :::::
IS200_ CCTTTATTTGAAATTATTGACTCTATTGTTATATTATAGTATATTTATATTATGATATAA
             10        20        30        40        50        60  
         70        80        90         
IS200_ TATAACAATAGAGTCAATAATTTCAAATAAAGG
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CLUSTAL O(1.2.1) multiple sequence alignment
Locus13      ------------------------------------------------------------ 0
Locus01      ------------------------------------------------------------ 0
Locus20      ------------------------------------------------------------ 0
Locus15      ------------------------------------------------------------ 0
Locus09      ATGGATAGAGACTTAAATAACAATTATCATTCTGTTTATAGTCTACAATATCATTTAGTT 60
                                                                         
Locus13      ------------------------------------------------------------ 0
Locus01      ------------------------------------------------------------ 0
Locus20      ------------------------------------------------------------ 0
Locus15      ------------------------------------------------------------ 0
Locus09      GTAATTACAAAATACAGACATGAATGTATTACTTTTGAAATGCTTGAAGAATTAGAAAAA 120
                                                                         
Locus13      ---------------------------------------------------GGAGAAAAA 9
Locus01      ---------------------------------------------------GGAGAAAAA 9
Locus20      ---------------------------------------------------GGAGAAAAA 9
Locus15      ------------------------------------------------------------ 0
Locus09      ATATTCACCAGATTACTCAAGGACAAAGTTTGTAATGTTCTAGAGTTTGGAGGAGAAAAA 180
                                                                         
Locus13      GATCATGTGCATATCCTCTTTGAAAATCCACCTCAGGTACAATTATCTAAGTTAGTTAAT 69
Locus01      GATCATGTGCATATCCTCTTTGAAACTCCATCTCAGGTACAATTATCTAAGTTAGTTAAT 69
Locus20      GATCATGTGCATATCCTCTTTGAAACTCCACCTCAGGTACAATTATCTAAGTTAGTTAAT 69
Locus15      ------------------------------------------------------------ 0
Locus09      GATCATGTGCATATCCTCTTTGAAACTCCACCTCAGGTACAATTATCTAAGTTAGTTAAT 240
                                                                         
Locus13      ATATTAAAAACTGTATCTTCAAGACTTATCAAAAAGCAATATGAACACCAT--------- 120
Locus01      ATATTAAAAACTGTATCTTCAAGACTTATCAAAAAGCAATATGAACACCATCTGAAAAAA 129
Locus20      ATATTAAAAACAGTATCTTCAAGACTTATCAAAAAGCAATATGAACACCATCTGAAAAAA 129
Locus15      ---------------------------------------------------------AAA 3
Locus09      ATATTAAAAACAGTATCTTCAAGACTTATCAAAAAGCAATATGAACACCATCTGAAAAAA 300
                                                                         
Locus13      ------------------------------------------------------------ 120
Locus01      TATTATTGGAAACCTGCTTTTTGGTCTAGAAGCTACTGCATTTTGTCTACTGGTGGTGCT 189
Locus20      TATTATTGGAAACCTGCTTTTTGGTCTAGAAGCTACTGCATTTTGTCTACTGGTGGTGCT 189
Locus15      TATTATTGGAAACCTGCTTTTTGGTCTAGAAGCTACTGCATTTTGTCTACTGGTGGTGCT 63
Locus09      TATTATTGGAAACCTGCTTTTTGGTCTAGAAGCTACTGCATTTTGTCTACTGGTGGTGCT 360
                                                                         
Locus13      --------------------------------------------- 120
Locus01      ACTATTGAGACAATTAAAAAGTATATTGAAAATCAGAATAAATAG 234
Locus20      ACTATTGAGACAATTAAAAAGTATATTGAAAATCAGAATAAATAG 234
Locus15      ACTATTGAGACAATTAAAAAGTATATTGAAAATCAGAATAAATAG 108
Locus09      ACTATTGAGACAATTAAAAAGTATATTGAAAATCAGAATAAATAG 405
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CLUSTAL O(1.2.1) multiple sequence alignment
Locus_09      ATGGATAGAGACTTAAATAACAATTATCATTCTGTTTATAGTCTACAATATCATTTAGTT 60
Locus_06      ATGAATAGAGACTTAAATAACAATTATCATTCTGTTTATAGTCTACAATATCATTTAGTT 60
Locus_04      ATGGATAGAGACTTAAATAACAATTATCATTCTGTTTATAGTCTACAATATCATT--ATT 58
Locus_03      ATGGATAGAGACTTAAATAACAATTATCATTCTGTTTATAGTCTACAATATCATT--ATT 58
Locus_19      ATGAATAGAGACTTAAATAACAATTATCATTCTGTTTATAGTCTACAATATCATT--ATT 58
Locus_10      ATGAATAGAGACTTAAATAACAATTATCATTCTGTTTATAGTCTACAATATCATT--ATT 58
Locus_12      ATGAGTAGAGACTTAAATAACAATTATCATTCTGTTTATAGTCTACAATATCATT--ATT 58
Locus_02      ATGAATAGAGACTTAAATAACAATTATCATTCTGTTTATAGTCTACAATATCATT--ATT 58
Locus_11      ATGAATAGAGACTTAAATAACAATTATTATTCTGTTTATAGTCTACAATATCATT--ATT 58
Locus_18      ATGAATAGAGACTTAAATAACAATTATCATTCTGTTTATAGTCTACAATATCATT--ATT 58
Locus_22      ATGAATAGAGACTTAAATAACAATTATCATTCTGTTTATAGTCTACAATATCATT--ATT 58
Locus_17      ATGAATAGAGACTTAAATAACAATTATCATTCTGTTTATAGTCTACAATATCATT--ATT 58
Locus_16      ATGAATAGAGACTTAAATAACAATTATCATTCTGTTTATAGTCTACAATATCATT--ATT 58
Locus_08      ATGAATAGAGACTTAAATAACAATTATCATTCTGTTTATAGTCTACAATATCATT--ATT 58
Locus_05      ATGAATAGAGACTTAAATAACAATTATCATTCTGTTTATAGTCTACAATATCATT--ATT 58
Locus_23      ATGGATAGAGACTTAAATAACAATTATCATTCTGTTTATAGTCTACAATATCATT--ATT 58
Locus_21      ATGGATAGAGACTTAAATAACAATTATCATTCTGTTTATAGTCTACAATATCATT--ATT 58
Locus_14      ATGGATAGAGACTTAAATAACAATTATCATTCTGTTTATAGTCTACAATATCATT--ATT 58
              ***  ********************** ***************************   **
Locus_09      GTAATTACAAAATACAGACATGAATGTATTACTTTTGAAATGCTTGAAGAATTAGAAAAA 120
Locus_06      ------------------------------------------------------------ 60
Locus_04      ------------------------------------------------------------ 58
Locus_03      ------------------------------------------------------------ 58
Locus_19      ------------------------------------------------------------ 58
Locus_10      ------------------------------------------------------------ 58
Locus_12      ------------------------------------------------------------ 58
Locus_02      ------------------------------------------------------------ 58
Locus_11      ------------------------------------------------------------ 58
Locus_18      ------------------------------------------------------------ 58
Locus_22      ------------------------------------------------------------ 58
Locus_17      ------------------------------------------------------------ 58
Locus_16      ------------------------------------------------------------ 58
Locus_08      ------------------------------------------------------------ 58
Locus_05      ------------------------------------------------------------ 58
Locus_23      ------------------------------------------------------------ 58
Locus_21      ------------------------------------------------------------ 58
Locus_14      ------------------------------------------------------------ 58
                                                                          
Locus_09      ATATTCACCAGATTACTCAAGGACAAAGTTTGTAATGTTCTAGAGTTTGGAGGAGAAAAA 180
Locus_06      ------------------------------------------------------------ 60
Locus_04      ------------------------------------------------------------ 58
Locus_03      ------------------------------------------------------------ 58
Locus_19      ------------------------------------------------------------ 58
Locus_10      ------------------------------------------------------------ 58
Locus_12      ------------------------------------------------------------ 58
Locus_02      ------------------------------------------------------------ 58
Locus_11      ------------------------------------------------------------ 58
Locus_18      ------------------------------------------------------------ 58
Locus_22      ------------------------------------------------------------ 58
Locus_17      ------------------------------------------------------------ 58
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Locus_08      ------------------------------------------------------------ 58
Locus_05      ------------------------------------------------------------ 58
Locus_23      ------------------------------------------------------------ 58
Locus_21      ------------------------------------------------------------ 58
Locus_14      ------------------------------------------------------------ 58
                                                                          
Locus_09      GATCATGTGCATATCCTCTTTGAAACTCCACCTCAGGTACAATTATCTAAGTTAGTTAAT 240
Locus_06      ------------------------------------------------------------ 60
Locus_04      ------------------------------------------------------------ 58
Locus_03      ------------------------------------------------------------ 58
Locus_19      ------------------------------------------------------------ 58
Locus_10      ------------------------------------------------------------ 58
Locus_12      ------------------------------------------------------------ 58
Locus_02      ------------------------------------------------------------ 58
Locus_11      ------------------------------------------------------------ 58
Locus_18      ------------------------------------------------------------ 58
Locus_22      ------------------------------------------------------------ 58
Locus_17      ------------------------------------------------------------ 58
Locus_16      ------------------------------------------------------------ 58
Locus_08      ------------------------------------------------------------ 58
Locus_05      ------------------------------------------------------------ 58
Locus_23      ------------------------------------------------------------ 58
Locus_21      ------------------------------------------------------------ 58
Locus_14      ------------------------------------------------------------ 58
                                                                          
Locus_09      ATATTAAAAACAGTATCTTCAAGACTTATCAAAAAGCAATATGAACACCATCTGAAAAAA 300
Locus_06      ------------------------------------------------------------ 60
Locus_04      ------------------------------------------------------------ 58
Locus_03      ------------------------------------------------------------ 58
Locus_19      ------------------------------------------------------------ 58
Locus_10      ------------------------------------------------------------ 58
Locus_12      ------------------------------------------------------------ 58
Locus_02      ------------------------------------------------------------ 58
Locus_11      ------------------------------------------------------------ 58
Locus_18      ------------------------------------------------------------ 58
Locus_22      ------------------------------------------------------------ 58
Locus_17      ------------------------------------------------------------ 58
Locus_16      ------------------------------------------------------------ 58
Locus_08      ------------------------------------------------------------ 58
Locus_05      ------------------------------------------------------------ 58
Locus_23      ------------------------------------------------------------ 58
Locus_21      ------------------------------------------------------------ 58
Locus_14      ------------------------------------------------------------ 58
                                                                          
Locus_09      TATTATTGGAAACCTGCTTTTTGGTCTAGAAGCTACTGCATTTTGTCTACTGGTGGTGCT 360
Locus_06      ------------------------------------------GTATCTTCTGGTGGTGCT 78
Locus_04      ------------------------------------------GTATCTTCTGGTGATGCT 76
Locus_03      ------------------------------------------GTATCTTCTGGTGATGCT 76
Locus_19      ------------------------------------------GTATCTTCTGGTGATGCT 76
Locus_10      ------------------------------------------GTATCTTCTGGTGATGCT 76
Locus_12      ------------------------------------------GTATCTTCTGGTGATGCT 76
Locus_02      ------------------------------------------GTATCTTCTGGTGGTGCT 76
Locus_11      ------------------------------------------GTATCTTCTGGTGGTGCT 76














Page 3 of 3http://www.ebi.ac.uk/Tools/services/rest/clustalo/result/clustalo-I20160418-200423-0802-17055312-es/aln-clustal_num
Locus_22      ------------------------------------------GTATCTTCTGGTGGTGCT 76
Locus_17      ------------------------------------------GTATCTTCTGGTGGTGCT 76
Locus_16      ------------------------------------------GTATCTTCTGGTGGTGCT 76
Locus_08      ------------------------------------------GTATCTTCTGGTGGTGCT 76
Locus_05      ------------------------------------------GTATCTTCTGGTGGTGCT 76
Locus_23      ------------------------------------------GTATCTTCTGGTGGTGCT 76
Locus_21      ------------------------------------------GTATCTTCTGGTGGTGCT 76
Locus_14      ------------------------------------------GTATCTTCTGGTGGTGCT 76
                                                         * *** ****** ****
Locus_09      ACTATTGAGACAATTAAAAAGTATATTGAAAATCAGAATAAATAG 405
Locus_06      ACTATTGAGACAATTAAAAAGTATATTGAAAATCAGAATAAATAG 123
Locus_04      GCTATTGAGACAATTAAAAAGTATATTGAAAATCAGAATAAATAG 121
Locus_03      GCTATTGAGACAATTAAAAAGTATATTGAAAATCAGAATAAATAG 121
Locus_19      GCTATTGAGACAATTAAAAAGTATATTGAAAATCAGAATAAATAG 121
Locus_10      GCTATTGAGACAATTAAAAAGTATATTGAAAATCAGAATAAATAG 121
Locus_12      GCTATTGAGACAATTAAAAAGTATATTGAAAATCAGAATAAATAG 121
Locus_02      ACTATTGAGACAATTAAAAAGTATATTGAAAATAAGAATAAATAG 121
Locus_11      ACTATTGAGACAATTAAAAAGTATATTGAAAATCAGAATAAATAG 121
Locus_18      ACTATTGAGACAATTAAAAAGTATATTGAAAATCAGAATAAATAG 121
Locus_22      ACTATTGAGACAATTAAAAAGTATATTGAAAATCAGAATAAATAG 121
Locus_17      ACTATTGAGACAATTAAAAAGTATATTGAAAATCAGAATAAATAG 121
Locus_16      ACTATTGAGACAATTAAAAAGTATATTGAAAATCAGAATAAATAG 121
Locus_08      ACTATTGAGACAATTAAAAAGTATATTGAAAATCAGAATAAATAG 121
Locus_05      ACTATTGAGACAATTAAAAAGTATATTGAAAATCAGAATAAATAG 121
Locus_23      ACTATTGAGACAATTAAAAAGTATATTGAAAATCAGAATAAATAG 121
Locus_21      ACTATTGAGACAATTAAAAAGTATATTGAAAATCAGAATAAATAG 121
Locus_14      ACTATTGAGACAATTAAAAAGTATATTGAAAATCAGAATAAATAG 121
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CLUSTAL O(1.2.1) multiple sequence alignment
T1B_01      ATGCGATTATCATTTAAATTCAAGCCTAAATTAAGCCATAAGCAATTAGTAATAATTAAT 60
T1A_16      ATGCGATTATCATTTAAATTCAAGCCTAAATTAAGCCATAAGCAATTAGTAATAATTAAT 60
T1A_10      ATGCGATTATCATTTAAATTCAAGCCTAAATTAAGCCATAAGCAATTAGTAATAATTAAT 60
T1A_08      ATGCGATTATCATTTAAATTCAAGCCTAAATTAAGCCATAAGCAATTAGTAATAATTAAT 60
T1A_05      ATGCGATTATCATTTAAATTCAACCCTAAATTAAGCCATAAGCAATTAGTAATAATTAAT 60
            *********************** ************************************
T1B_01      GAATTAGCCTGGCATTGCTCTAAATTATATAATATAGTCAATTATCAGATTAAAAATAAT 120
T1A_16      GAATTAGCCTGGCATTGCTCTAAATTATATAATACAGTCAATTATCAGATTAAAAATAAT 120
T1A_10      GAATTAGCCTGGCATATTAGTAAACTATATAATACAGTCAATTATGAGGTTAAAAACAAT 120
T1A_08      GAATTAGCCTGGCATTGCTCTAAATTATATAATATAGTCAATTATCAGATTAAAAATAAT 120
T1A_05      GAATTAGCCTGGCATTGCTCTAAATTATATAATATAGTCAATTATCAGATTAAAAATAAT 120
            ***************     **** ********* ********** ** ******* ***
T1B_01      AAAGATGTAAAAGTTGTCTATACTGAATTAGAAACTAGATATAAAAATAACTGGCATAAT 180
T1A_16      AAAGATGTAAAAGCTGTCTATACTGAATTAGAAACTAGATATAAAAATAACTGGCATAAT 180
T1A_10      AAAGATATAAAAGCTGTCTATACTGAATTAGAAACTAGATATAAAAATAACTGGCATAAT 180
T1A_08      AAAGATGTAAAAGCTGTCTATACTGAATTAGAAACTAGATATAAAAATAACTGGCATAAT 180
T1A_05      AAAGATGTAAAAGCTGTCTATACTGAATTAGAAACTAGATATAAAAATAACTGGCATAAT 180
            ****** ****** **********************************************
T1B_01      GACTACCTTCACTCCCATAACAGACAGCAGGCATTAAAGCAGTTAGCTCAGGACTGGAAA 240
T1A_16      GACTACCTTCACTCCCATAACAGACAGCAGGCATTAAAGCAGTTAGTTCAGGACTGGAAA 240
T1A_10      GACTACCTTCACTCCCATAACAGACAGCAGGCATTAAAGCAGTTAGCTCAGGACTGGAAA 240
T1A_08      GACTACCTTCACTCCCATAACAGACAACAGGCATTAAAGCAGTTAGCTCAGGACTGGAAA 240
T1A_05      GACTACCTTCACTCCCATAACAGACAGCAGGCATTAAAGCAGTTAGCTCAGGACTGGAAA 240
            ************************** ******************* *************
T1B_01      AGTTTTTTTAATTCTCTCAAAGATTATAAAAAGAATCCTCAAAAATATAAGGGTCAGCCA 300
T1A_16      AGTTTTTTTAATTCTCTCAAAGATTATAAAAAGAATCCTCAAAAATATAAGGGTCAGCCA 300
T1A_10      AGTTTTTTTAATTCTCTCAAAGATTATAAAAAGAATCCTCAAAAATATAAGGGGCAGCCA 300
T1A_08      AGTTTTTTTAATTCTCTCAAAGATTATAAAAAGAATCCTCAAAAATATAAGGGGCAGCCA 300
T1A_05      AGTTTTTTTAATTCTCTCAAAGATTATAAAAAGAATCCTCAAAAATATAAGGGGCAGCCA 300
            ***************************************************** ******
T1B_01      GGACCACCTAATTTTAAACATATGAACAGCAATCCCTGTGAAATAATTTTTACCAATTTA 360
T1A_16      GGGTCACCTAATTTTAAACATATGAACAGTAATCCCTGTGAAATAATTTTTACCAATTTA 360
T1A_10      GGATCACCTAATTTTAAACATATGAACAGTAATCCCTGTGAAATAATTTTTACCAATTTA 360
T1A_08      GGGTCACCTAATTTTAAACATATGAACAGTAATCCCTGTGAAATAATTTTTACCAATTTA 360
T1A_05      GGGTCACCTAATTTTAAACATATGAACAGTAATCCCTGTGAAATAATTTTTACCAATTTA 360
            **  ************************* ******************************
T1B_01      GCTGTTAGAATTAGAGATAACAAATTACTCTTATCCTTATCTAAAAAGATACAATCTAAA 420
T1A_16      GCTGTTAGAATTAGAGATAACAAATTACTCTTATCCTTATCTAAAAAGATACAGTCTAAA 420
T1A_10      GCTGTTAGAATTAAAGATAACAAATTACTCTTATCCTTATCTAAAAAGATACAATCTAAA 420
T1A_08      GCTGTTAGGATTAGAGATAACAAATTACTCTTATCCTTATCTAAAAAGATACAATCTAAA 420
T1A_05      GCTGTTAGAATTAAAGATAACAAATTACTCTTATCCTTATCTAAAAAGATACAATCTAAA 420
            ******** **** *************************************** ******
T1B_01      TATAATGTGAAAAGCTCTTAATTTGAGCTGCCTGAAAGCAGTTCAAAGCATTATAGATTT 480
T1A_16      TATAATGTGAAGGCTCTTAATTTTGAGCTGC-CTGAAGCAGTTCAAAGCATTATAGATTT 479
T1A_10      TATAATGTGAAAGCTCTTAATTTTGAGCTGC-CTGAAGCAGTTCAAAGCATTATAGATTT 479
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T1A_05      TATAATGTGAAAAGCCTTAATTTTGAGCTGC-CTGAAGCAGTTCAAAGCATTATAGATTT 479
            ***********      * * **********    *************************
T1B_01      AGATGCTGTCCAGCAGATAAAGATAAAGCAGGACCGTATTTCTAAAAGATGGTATCTACT 540
T1A_16      AGATGCTGTCCAGCAGATAAAGATTAAGCAGGACCGTATTTCTAAAAGATGGTATCTCTT 539
T1A_10      AGATGCTGGCCAGCAGATAAAGATTAAGCAGGACCGCATTTCTAAAAGATGGTATCTACT 539
T1A_08      AGATGCTGTCCAGCAGATAAAGATTAAGCAGGACCGTATTTCTAAAAGATGGTATCTACT 539
T1A_05      AGATGCTGTCCAGCAGATAAAGATTAAGCAGGACCGTATTTCTAAAAGATGGTATCTACT 539
            ******** *************** *********** ********************  *
T1B_01      AATCATCTATAAAACCGAGGAAATAAAAGAAAATAATAACCCTAACATAATGGCAGTTGA 600
T1A_16      AATTATCTACAAAGTTAAAGAGGCAAAAGAAAGTAAGAAATCTAACATAATGGCAGTAGA 599
T1A_10      AATCATCTATAAGGTCGAGGAAATAAAAGAAAATAATAACCCTAACATAATGGCAATAGA 599
T1A_08      AATCATCTATAAGACCGAGGAAATAAAAGAAAATAATAACCCTAACATAATGGCAGTTGA 599
T1A_05      AATCATCTATAAGACCGAGGAAATAAAAGAAAATAATAACCCTAACATAATGGCAGTAGA 599
            *** ***** **     * **   ******** *** **  ************** * **
T1B_01      TTTAGGCCTTGATAATTTGGCTACTTTAACATTTAAAAACAATTCTGATTGTTATATTAT 660
T1A_16      TCTAGGTCTTGATAATTTGGCTACTTTAATATTTAAAAACAATTCTGATTGTTATATTAT 659
T1A_10      TCTAGGTCTTGATAATTTGGCTACTTTAACATTTAAAAACAACTCTGAGTGTTATATTAT 659
T1A_08      TCTAGGTCTTGATAATTTGGCTACTTTAACATTTAAAAACAATTCTGATTGTTATATTAT 659
T1A_05      TCTAGGTCTTGATAATTTGGCTACTTTAACATTTAAAAACAATTCTGAGTGTTATATTAT 659
            * **** ********************** ************ ***** ***********
T1B_01      CAATGGTAAAACTATTAAATCCAAAAATTCTTATTTTAATAAAGAAATTGCCAGACTACA 720
T1A_16      CAATGGTAAAACTATTAAATCCAAAAATTCTTATTTTAATAAAGAAATTGCCAGACTACA 719
T1A_10      CAATGGTAAAACTATTAAATCCAAAAATTCTTATTTTAATAAAGAAATTGCCAGACTACA 719
T1A_08      CAATGGTAAAACTATTAAATCCAAAAATTCTTATTTTAATAAAGAAATTGCCAGACTACA 719
T1A_05      CAATGGTAAAACTATTAAATCCAAAAATTCTTATTTTAATAAAGAAATTGCCAGACTACA 719
            ************************************************************
T1B_01      AAGCATTAGAATGAGGCAGTTAGCTACCAGTAAAATTAGAGATACTAAACGAATAAAATA 780
T1A_16      AAGCATTAGAATGAGGCAGTTAGCTACCAGTAAAATTAGAGATACTAAACGAATAAAATA 779
T1A_10      AAGCATTAGAATGAGGCAGTTAGCTACCAGTAAAATTAGAGATACTAAACGAATAAAATA 779
T1A_08      AAGCATTAGAATGAGGCAGTTAGCTACCAGTAAAATTAGAGATACTAAACGAATAAAATA 779
T1A_05      AAGCATTAGAATGAGGCAGTTAGCTACCAGTAAAATTAGAGATACTAAACGAATAAAATA 779
            ************************************************************
T1B_01      TCTGAGATTAAAGAGAAGAAATTATATTAGAGATTATCTCCATAAAGCTAGTTGCAAAAT 840
T1A_16      TCTGAGATTAAAGAGAAAAAATTATATTAGAGATTATCTCCATAAAGCTAGTTGCAAAAT 839
T1A_10      TCTGAGATTAAAGAGAAGAAATTATATTAGAGATTATCTCCATAAAGCTAGCTGCAAAAT 839
T1A_08      TCTGAGATTAAAGAGAAGAAATTATATTAGAGATTATATCCATAAAGCTAGCTGCAAAAT 839
T1A_05      TCTGAGATTAAAGAGAAGAAATTATATTAGCAATTATCTCCATAAAGCTAGTTGCAAAAT 839
            ***************** ************  ***** ************* ********
T1B_01      AGTTGATTTAGCAATTGAAAATCAAGTAGAAACTATTGTAATTGGAGATATAAAAAATAT 900
T1A_16      AGTTGATTTAGCAATTGAAAATCAAGTAGAAACTATTGTAATTGGAGATATAAAAAATAT 899
T1A_10      AGTTGATTTAGCAATTGAAAATCAAGTAGAAACTATTGTAATTGGAGATATAAAAAATAT 899
T1A_08      AGTTGATTTAGCAATTGAAAATCAAGTAGAAACTATTGTAATTGGAGATATAAAAAATAT 899
T1A_05      AGTTGATTTAGCAATTGAAAATCAAGTAGAAACTATTGTAATCGGAGATATAAAAAATAT 899
            ****************************************** *****************
T1B_01      TAAACAATGCAGCAAACTTAAATCTTTTGTCCAAATACCAATCCAGAGATTAAAAAAATT 960
T1A_16      TAAACAATGCAGCAAACTTAAATCTTTTGTCCAAATACCGATCCAGAGATTAAAAAAATT 959
T1A_10      TAAAAAATGCAGCAAGCTTAAATCTTTTGTCCAAATACCGATCCAGAGATTAAAAAAATT 959
T1A_08      TAAACAATGCAGCAATCTTAAATCTTTTGTCCAAATACCGATCCAGAGATTAAAAAAATT 959
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            **** ********** *********************** ********************
T1B_01      AATTGAATACAAAGCTAAACTAAAAGGTATCAAAGTTGTTGAAATTGATGAAAGCTATAC 1020
T1A_16      AATTGAATACAAAGCTAAACTAAAAGGTATCAAAGTTGTTGGAATTGATGAAAGCTATAC 1019
T1A_10      AATTGAATACAAAGCTAAACTAAAAGGTATCAAAGTTGTTGAAATTGATGAAAGCTATAC 1019
T1A_08      AATTGAATACAAAGCTAAACTAAAAGGTATCAAAGTTGTTGAAATTGATGAAAGCTATAC 1019
T1A_05      AATTGAATACAAAGCTAAACTAAAAGGTATCAAAGTTGTTGAAATTGATGAAAGCTATAC 1019
            ***************************************** ******************
T1B_01      TTCTGGGTGTAGTTCAGTAGATCTGGAAAAAATAAATAAAAGTAACTATGATAAATCCAG 1080
T1A_16      TTCTGGATGTAGTTCAGTAGATCTGGAAAAAATAAATAAAAGTAACTATGATAAATCCAG 1079
T1A_10      TTCTGGGTGTAGTTCAGTAGATCTGGAAAAAATAAATAAAAGTAACTATGATAAATCCAG 1079
T1A_08      TTCTGGATGTAGTTCAGTAGATCTGGAAAAAATAAATAAAAGTAACTATGATAAATCCAG 1079
T1A_05      TTCTGGATGTAGTTCAGTAGATCTGGAAAAAATAAATAAAAGTAACTATGATAAATCCAG 1079
            ****** *****************************************************
T1B_01      AAGAATTGCTAGAGGTCTCTTTAAAACTAACGAGGGCCTATTAATTAATGCTGATCAGAA 1140
T1A_16      AAGAATTACTAGAGGTCTCTTTAAAACTAACGAGGGCCTATTAATTAATGCTGATCAGAA 1139
T1A_10      AAGAATTACTAGAGGTCTCTTTAAAACTAACGAGGGTCTATTAATTAATGCTGATCAGAA 1139
T1A_08      AAGAATTACTAGAGGTCTCTTTAAAACTAACGAGGGCCTATTAATTAATGCTGATCAGAA 1139
T1A_05      AAGAATTACTAGAGGTCTCTTTAAAACTAACGAGGGCCTATTAATTAATGCTGATCAGAA 1139
            ******* **************************** ***********************
T1B_01      TGGTAGTTTTAATATACTTCGTAAATACCATAACGATAAATGTATTCTCAGACCTATCAA 1200
T1A_16      TGGTAGTTTTAATATACTTCGTAAATACCATAACGATAAATGTATTCTCAGACCTATCAA 1199
T1A_10      TGGTAGCTTTAATATACTTCGTAAATACCATAACGATAAATGTATTCTCAGACCTATCAA 1199
T1A_08      TGGTAGCTTTAATATACTTCGTAAATACCATAACGATAAATGTATTCTCAGACCTATCAA 1199
T1A_05      TGGTAGCTTTAATATACTTCGTAAATATCATAAGGATAAATGTATTCTCAGACCCATCAA 1199
            ****** ******************** ***** ******************** *****
T1B_01      AGAGGCGAGAGATAATGGATTTGTGGACAATCCTTCAAGATTAAGGGTATCCTAA 1255
T1A_16      AGAGGCGAGAGATAATGGATTTGTGGACAATCCTTCAAGATTAAGGGTATCCTAA 1254
T1A_10      AGAGGCGAGAGATAATGGATTTGTGGACAATCCTTCAAGATTAAGGGTATCCTAA 1254
T1A_08      AGAGGCGAGAGATAATGGATTTGTGGACAATCCTTCAAGATTAAGGGTATCCTAA 1254
T1A_05      AGAGGCGAGAGATAATGGATTTGTGGACAATCCTTCAAGATTAAGGGTATCCTAA 1254
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CLUSTAL O(1.2.1) multiple sequence alignment
T1A_10      ATGCGATTATCATTTAAATTCAAGCCTAAATTAAGCCATAAGCAATTAGTAATAATTAAT 60
T1A_05      ATGCGATTATCATTTAAATTCAACCCTAAATTAAGCCATAAGCAATTAGTAATAATTAAT 60
T1A_16      ATGCGATTATCATTTAAATTCAAGCCTAAATTAAGCCATAAGCAATTAGTAATAATTAAT 60
T1A_08      ATGCGATTATCATTTAAATTCAAGCCTAAATTAAGCCATAAGCAATTAGTAATAATTAAT 60
T2A_09      ATGCGATTATCATTTAAATTCAAGCCTAAATTAAGCCATAAGCAATTAGTAATAATTAAT 60
T2A_06      ATGCGATTATCATTTAAATTCAAGCCTAAATTAAGCCATAAGCAATTAGTAATAATTAAT 60
T2A_04      ATGCGATTATCATTTAAATTCAAGCCTAAATTAAGCCATAAGCAATTAGTAATAATTAAT 60
            *********************** ************************************
T1A_10      GAATTAGCCTGGCATATTAGTAAACTATATAATACAGTCAATTATGAGGTTAAAAACAAT 120
T1A_05      GAATTAGCCTGGCATTGCTCTAAATTATATAATATAGTCAATTATCAGATTAAAAATAAT 120
T1A_16      GAATTAGCCTGGCATTGCTCTAAATTATATAATACAGTCAATTATCAGATTAAAAATAAT 120
T1A_08      GAATTAGCCTGGCATTGCTCTAAATTATATAATATAGTCAATTATCAGATTAAAAATAAT 120
T2A_09      GAATTAGCCTGGCATTGCTCTAAATTATATAATACAGTCAATTATCAGATTAAAAATAAT 120
T2A_06      GAATTAGCCTGGCATTGCTCTAAATTATATAATACAGTCAATTATCAGATTAAAAATAAT 120
T2A_04      GAATTAGCCTGGCATTGCTCTAAATTATATAATATAGTCAATTATCAGATTAAAAATAAT 120
            ***************:  : **** ********* ********** **.******* ***
T1A_10      AAAGATATAAAAGCTGTCTATACTGAATTAGAAACTAGATATAAAAATAACTGGCATAAT 180
T1A_05      AAAGATGTAAAAGCTGTCTATACTGAATTAGAAACTAGATATAAAAATAACTGGCATAAT 180
T1A_16      AAAGATGTAAAAGCTGTCTATACTGAATTAGAAACTAGATATAAAAATAACTGGCATAAT 180
T1A_08      AAAGATGTAAAAGCTGTCTATACTGAATTAGAAACTAGATATAAAAATAACTGGCATAAT 180
T2A_09      AAAGATGTAAAAGCTGTCTATACTGAATTAGAAACTAGATATAAAAATAACTGGCATAAT 180
T2A_06      AAAGATGTAAAAGCTGTCTATACTGAATTAGAAACTAGATATAAAAATAACTGGCATAAT 180
T2A_04      AAAGATGTAAAAGCTGTCTATACTGAATTAGAAACTAGATATAAAAATAACTGGCATAAT 180
            ******.*****************************************************
T1A_10      GACTACCTTCACTCCCATAACAGACAGCAGGCATTAAAGCAGTTAGCTCAGGACTGGAAA 240
T1A_05      GACTACCTTCACTCCCATAACAGACAGCAGGCATTAAAGCAGTTAGCTCAGGACTGGAAA 240
T1A_16      GACTACCTTCACTCCCATAACAGACAGCAGGCATTAAAGCAGTTAGTTCAGGACTGGAAA 240
T1A_08      GACTACCTTCACTCCCATAACAGACAACAGGCATTAAAGCAGTTAGCTCAGGACTGGAAA 240
T2A_09      GACTACCTTCACTCCCATAACAGACAACAGGCATTAAAGCAGTTAGCTCAGGACTGGAAA 240
T2A_06      GACTACCTTCACTCCCATAACAGACAGCAGGCATTAAAGCAGTTAGCTAAGGACTGGAAA 240
T2A_04      GACTACCTTCACTCCCATAACAGACAACAGGCATTAAAGCAGTTAGCTCAGGACTGGAAA 240
            **************************.******************* *.***********
T1A_10      AGTTTTTTTAATTCTCTCAAAGATTATAAAAAGAATCCTCAAAAATATAAGGGGCAGCCA 300
T1A_05      AGTTTTTTTAATTCTCTCAAAGATTATAAAAAGAATCCTCAAAAATATAAGGGGCAGCCA 300
T1A_16      AGTTTTTTTAATTCTCTCAAAGATTATAAAAAGAATCCTCAAAAATATAAGGGTCAGCCA 300
T1A_08      AGTTTTTTTAATTCTCTCAAAGATTATAAAAAGAATCCTCAAAAATATAAGGGGCAGCCA 300
T2A_09      AGTTTTTTTTATTCTCTCAAAGATTATAAAAAGAATCCTCAAAAATATAAGGGGCAGCCA 300
T2A_06      AGTTTTTTTAATTCTCTCAAAGATTATAAAAAGAATCCTCAAAAATATAAGGGGCAGCCA 300
T2A_04      AGTTTTTTTAATTCTCTCAAAGATTATAAAAAGAATCCTCAAAAATATAAGGGGCAGCCA 300
            *********:******************************************* ******
T1A_10      GGATCACCTAATTTTAAACATATGAACAGTAATCCCTGTGAAATAATTTTTACCAATTTA 360
T1A_05      GGGTCACCTAATTTTAAACATATGAACAGTAATCCCTGTGAAATAATTTTTACCAATTTA 360
T1A_16      GGGTCACCTAATTTTAAACATATGAACAGTAATCCCTGTGAAATAATTTTTACCAATTTA 360
T1A_08      GGGTCACCTAATTTTAAACATATGAACAGTAATCCCTGTGAAATAATTTTTACCAATTTA 360
T2A_09      GGGTCACCTAATTTTAAACATATGAACAGTAATCCCTGTGAAATAATTTTTACCAATTTA 360
T2A_06      GGGTCACCTAATTTTAAACATATGAACAGTAATCCCTGTGAAATAATTTTTACCAATTTA 360
T2A_04      GGATCACCTAATTTTAAACATATGAACAGTAATCCCTGTGAAATAATTTTTACCAATTTA 360
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T1A_10      GCTGTTAGAATTAAAGATAACAAATTACTCTTATCCTTATCTAAAAAGATACAATCTAAA 420
T1A_05      GCTGTTAGAATTAAAGATAACAAATTACTCTTATCCTTATCTAAAAAGATACAATCTAAA 420
T1A_16      GCTGTTAGAATTAGAGATAACAAATTACTCTTATCCTTATCTAAAAAGATACAGTCTAAA 420
T1A_08      GCTGTTAGGATTAGAGATAACAAATTACTCTTATCCTTATCTAAAAAGATACAATCTAAA 420
T2A_09      GCTGTTAGAATTAAAGATAACAAATTACTCTTATCCTTATCTAAAAAGATACAATCTAAA 420
T2A_06      GCTGTTAGAATTAAAGATAACAAATTACTCTTATCCTTATCTAAAAAGATACAATCTAAA 420
T2A_04      GCTGTTAGGATTAGAGATAACAAATTACTCTTATCCTTATCTAAAAAGATACAATCTAAA 420
            ********.****.***************************************.******
T1A_10      TATAATGTGAAAG----------------------------------------------- 433
T1A_05      TATAATGTGAAAA----------------------------------------------- 433
T1A_16      TATAATGTGAAGG----------------------------------------------- 433
T1A_08      TATAATGTGAAGG----------------------------------------------- 433
T2A_09      TATAATGTGAAGGTCACTAAAGCTTTTAATTTATAATACGCAAGGAAAGCTTTAGTATGA 480
T2A_06      TATAATGTGAAGGTCACTAAAGCTTTTAATTTATAATACGCAAGGAAAGCTTTAGTATGA 480
T2A_04      TATAATGTGAAGGTCACTAAAGCTTTTAATTTATAATACGCAAGGAAAGCTTTAGTATGA 480
            ***********..                                               
T1A_10      -----------------CTCTTAATTTTGAGCTGCCTGAAGCAGTTCAAAGCATTATAGA 476
T1A_05      -----------------GCCTTAATTTTGAGCTGCCTGAAGCAGTTCAAAGCATTATAGA 476
T1A_16      -----------------CTCTTAATTTTGAGCTGCCTGAAGCAGTTCAAAGCATTATAGA 476
T1A_08      -----------------CTCTTAATTTTGAGCTGCCTGAAGCAGTTCAAAGCATTATAGA 476
T2A_09      CCGTATTCGATTTGGCCCTCTTAATTTTGAGCTGCCTGAAGCAGTTCAAAGCATTATAGA 540
T2A_06      CCGTATTCGATTTGGCCTCCTTAATTTTGAGCTGCCTGAAGCAGTTCAAAGCATTATAGA 540
T2A_04      CCGTATTCGATTTGGCCCTCTTAATTTTGAGCTGCCTGAAGCAGTTCAAAGCATTATAGA 540
                               *****************************************
T1A_10      TTTAGATGCTGGCCAGCAGATAAAGATTAAGCAGGACCGCATTTCTAAAAGATGGTATCT 536
T1A_05      TTTAGATGCTGTCCAGCAGATAAAGATTAAGCAGGACCGTATTTCTAAAAGATGGTATCT 536
T1A_16      TTTAGATGCTGTCCAGCAGATAAAGATTAAGCAGGACCGTATTTCTAAAAGATGGTATCT 536
T1A_08      TTTAGATGCTGTCCAGCAGATAAAGATTAAGCAGGACCGTATTTCTAAAAGATGGTATCT 536
T2A_09      TTTAGATGCTGTCCAGCAGATAAAGATAAAGCAAGATCATATCTCTAAAAAATGGTATCT 600
T2A_06      TTTAGATGCTGTCCAGCAGATAAAGATTAAGCAGGACCGTATTTCTAAAAGATGGTATCT 600
T2A_04      TTTAGATGCTTTACAGCAGATAAAGATTAAGCAGGACCGTATTTCTAAAAGATGGTATCT 600
            **********  .**************:*****.** *. ** *******.*********
T1A_10      ACTAATCATCTATAAGGTCGAGGAAATAAAAGAAAATAATAACCCTAACATAATGGCAAT 596
T1A_05      ACTAATCATCTATAAGACCGAGGAAATAAAAGAAAATAATAACCCTAACATAATGGCAGT 596
T1A_16      CTTAATTATCTACAAAGTTAAAGAGGCAAAAGAAAGTAAGAAATCTAACATAATGGCAGT 596
T1A_08      ACTAATCATCTATAAGACCGAGGAAATAAAAGAAAATAATAACCCTAACATAATGGCAGT 596
T2A_09      CTTAATTATCTACAAAGTTAAAGAGGCAAAAGAAAGTAAGAAATCTAACATAATGGCAGT 660
T2A_06      CTTAATTATCTATAAGACCGAGGAAATAAAAGAAAATAATAACCCTAACATAATGGCAAT 660
T2A_04      ACTAATCGTCTATAAGAGCGAGGAAATAAAAGAAAATAATAACCCTAACATAATGGCAAT 660
            . **** .**** **..  .*.**.. ********.*** **. **************.*
T1A_10      AGATCTAGGTCTTGATAATTTGGCTACTTTAACATTTAAAAACAACTCTGAGTGTTATAT 656
T1A_05      AGATCTAGGTCTTGATAATTTGGCTACTTTAACATTTAAAAACAATTCTGAGTGTTATAT 656
T1A_16      AGATCTAGGTCTTGATAATTTGGCTACTTTAATATTTAAAAACAATTCTGATTGTTATAT 656
T1A_08      TGATCTAGGTCTTGATAATTTGGCTACTTTAACATTTAAAAACAATTCTGATTGTTATAT 656
T2A_09      TGATTTAGGCCTTGATAACTTAGCTGTACTAACATTTAAAGATAATTCTGATTGTTATAT 720
T2A_06      AGATCTAGGTCTTGATAATTTGGCTACTTTAACATTTAAAAACAATTTTGATTGTTATAT 720
T2A_04      AGATCTAGGTCTTGATAATTTGGCTACTTTAATATTTAAAAACAATTCTGATTGTTATAT 720
            :*** **** ******** **.***. : *** *******.* ** * *** ********
T1A_10      TATCAATGGTAAAACTATTAAATCCAAAAATTCTTATTTTAATAAAGAAATTGCCAGACT 716
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T1A_16      TATCAATGGTAAAACTATTAAATCCAAAAATTCTTATTTTAATAAAGAAATTGCCAGACT 716
T1A_08      TATCAATGGTAAAACTATTAAATCCAAAAATTCTTATTTTAATAAAGAAATTGCCAGACT 716
T2A_09      TATCAATGGTAAAACTATTAAATCCAAAAATTCTTATTTTAATAAAGAAATTGCCAGACT 780
T2A_06      TATCAATGGTAAAACTATTAAATCCAAAAATTCTTATTTTAATAAAGAAATTGCCAGACT 780
T2A_04      TATCAATGGTAAAACTATTAAATCTAAAAATTCTTATTTTAATAAAGAAATTGCCAGACT 780
            ************************ ***********************************
T1A_10      ACAAAGCATTAGAATGAGGCAGTTAGCTACCAGTAAAATTAGAGATACTAAACGAATAAA 776
T1A_05      ACAAAGCATTAGAATGAGGCAGTTAGCTACCAGTAAAATTAGAGATACTAAACGAATAAA 776
T1A_16      ACAAAGCATTAGAATGAGGCAGTTAGCTACCAGTAAAATTAGAGATACTAAACGAATAAA 776
T1A_08      ACAAAGCATTAGAATGAGGCAGTTAGCTACCAGTAAAATTAGAGATACTAAACGAATAAA 776
T2A_09      ACAAAGCATTAGAATTAGGCAGTTAGCTACCAGTAAAATTAGAGATACTAAACGAATAAA 840
T2A_06      ACAAAGCATTAGAATGAGGCAGTTAGCTACCAGTAAAATTAGAGATACTAAACGAATAAA 840
T2A_04      ACAAAGCATTAGAATGAGGCAGTTAGCTACCAGTAAAATTAGAGATACTAAACGAATAAA 840
            *************** ********************************************
T1A_10      ATATCTGAGATTAAAGAGAAGAAATTATATTAGAGATTATCTCCATAAAGCTAGCTGCAA 836
T1A_05      ATATCTGAGATTAAAGAGAAGAAATTATATTAGCAATTATCTCCATAAAGCTAGTTGCAA 836
T1A_16      ATATCTGAGATTAAAGAGAAAAAATTATATTAGAGATTATCTCCATAAAGCTAGTTGCAA 836
T1A_08      ATATCTGAGATTAAAGAGAAGAAATTATATTAGAGATTATATCCATAAAGCTAGCTGCAA 836
T2A_09      ATATCTGAGATTAAAGAGAAGAAATTATATTAGAGATTATCTCCATAAAGCTAGTTGCAA 900
T2A_06      ATATCTGAGATTAAAGAGAAGAAATTATATTAGCGATTATCTCCATAAAGCTAGTTGCAA 900
T2A_04      ATATCTGAGATTAAAGAGAAGAAATTATATTAGAGATTATCTCCATAAAGCTAGTTGCAA 900
            ********************.************..*****.************* *****
T1A_10      AATAGTTGATTTAGCAATTGAAAATCAAGTAGAAACTATTGTAATTGGAGATATAAAAAA 896
T1A_05      AATAGTTGATTTAGCAATTGAAAATCAAGTAGAAACTATTGTAATCGGAGATATAAAAAA 896
T1A_16      AATAGTTGATTTAGCAATTGAAAATCAAGTAGAAACTATTGTAATTGGAGATATAAAAAA 896
T1A_08      AATAGTTGATTTAGCAATTGAAAATCAAGTAGAAACTATTGTAATTGGAGATATAAAAAA 896
T2A_09      AATAGTTGATTTAGCAATTGAAAATCAAGTAGAAACTATTGTAATTGGAGATATAAAAAA 960
T2A_06      AATAGTTGATTTAGCAATTGAAAATCAAGTAGAAACTATTGTAATCAGAGATATAAAAAA 960
T2A_04      AATAGTTGATTTAGCAATTGAAAATCAAGTAGAAACTATTGTAATTGGAGATATAAAAAA 960
            ********************************************* .*************
T1A_10      TATTAAAAAATGCAGCAAGCTTAAATCTTTTGTCCAAATACCGATCCAGAGATTAAAAAA 956
T1A_05      TATTAAACAATGCAGCAAGCTTAAATCTTTTGTCCAAATACCGATCCAGAGATTAAAAAA 956
T1A_16      TATTAAACAATGCAGCAAACTTAAATCTTTTGTCCAAATACCGATCCAGAGATTAAAAAA 956
T1A_08      TATTAAACAATGCAGCAATCTTAAATCTTTTGTCCAAATACCGATCCAGAGATTAAAAAA 956
T2A_09      TATTAAACAATGCAGCAAGCTTAAATCTTTTGTCCAAATACCGATCCAGAGATTAAAAAA 1020
T2A_06      TATTAAACAATGCAGCAAGCTTAAATCTTTTGTCCAAATACCAATCCAGAGATTAAAAAA 1020
T2A_04      TATTAAACAATGCAGCAAACTTAAATCTTTTGTCCAAATACCGATCCAGAGATTAAAAAA 1020
            *******.********** ***********************.*****************
T1A_10      ATTAATTGAATACAAAGCTAAACTAAAAGGTATCAAAGTTGTTGAAATTGATGAAAGCTA 1016
T1A_05      ATTAATTGAATACAAAGCTAAACTAAAAGGTATCAAAGTTGTTGAAATTGATGAAAGCTA 1016
T1A_16      ATTAATTGAATACAAAGCTAAACTAAAAGGTATCAAAGTTGTTGGAATTGATGAAAGCTA 1016
T1A_08      ATTAATTGAATACAAAGCTAAACTAAAAGGTATCAAAGTTGTTGAAATTGATGAAAGCTA 1016
T2A_09      ATTAATTGAATACAAAGTTAAACTAAAAGGTATCAAAGTTGTTGAAATTGATGAAAGCTA 1080
T2A_06      ATTAATTGAATACAAAGCTAAACTAAAAGGTATCAAAGTTGTTGAAATTGATGAAAGCTA 1080
T2A_04      ATTAATTGAATACAAAGCTAAACTAAAAGGTATCAAAGTTGTTGAAATTGATGAAAGCTA 1080
            ***************** **************************.***************
T1A_10      TACTTCTGGGTGTA---------------------------------------------- 1030
T1A_05      TACTTCTGGATGTA---------------------------------------------- 1030
T1A_16      TACTTCTGGATGTA---------------------------------------------- 1030
T1A_08      TACTTCTGGATGTA---------------------------------------------- 1030
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T2A_06      TACTTCTGGGTGTACTAAAGCTTTTAATTTTAATTACGCAAGGTAAGCTTTAGTATGACC 1140
T2A_04      TACTTCTGGATGTACTAAAGCTTTTAATTTTAATTACGCAAGGTAAGCTTTAGTATGACC 1140
            ****** **.****                                              
T1A_10      ------------------GTTCAGTAGATCTGGAAAAAATAAATAAAAGTAACTATGATA 1072
T1A_05      ------------------GTTCAGTAGATCTGGAAAAAATAAATAAAAGTAACTATGATA 1072
T1A_16      ------------------GTTCAGTAGATCTGGAAAAAATAAATAAAAGTAACTATGATA 1072
T1A_08      ------------------GTTCAGTAGATCTGGAAAAAATAAATAAAAGTAACTATGATA 1072
T2A_09      GTATTCGATTTGGCCGCTCTTCAGTAGATCTGGAAAAAATAAATAAAAGTAACTATGATA 1200
T2A_06      GTATTCGATTTGGCCGCTATTCAGTAGATCTGGAAAAAATAAATAAAAGTAACTATGATA 1200
T2A_04      GTATTCGATTTGGCCGCTGTTCAGTAGATCTGGAAAAAATAAATAAAAGTAACTATGATA 1200
                               *****************************************
T1A_10      AATCCAGAAGAATTACTAGAGGTCTCTTTAAAACTAACGAGGGTCTATTAATTAATGCTG 1132
T1A_05      AATCCAGAAGAATTACTAGAGGTCTCTTTAAAACTAACGAGGGCCTATTAATTAATGCTG 1132
T1A_16      AATCCAGAAGAATTACTAGAGGTCTCTTTAAAACTAACGAGGGCCTATTAATTAATGCTG 1132
T1A_08      AATCCAGAAGAATTACTAGAGGTCTCTTTAAAACTAACGAGGGCCTATTAATTAATGCTG 1132
T2A_09      AATCCAGAAGAATTACCAGAGGTCTCTTTAAAACTAACGAGGGCCTATTAATTAATGCTG 1260
T2A_06      AATCCAGAAGAATTACCAGAGGTCTCTTTAAAACTAACGAGGGCCTATTAATTAATGCTG 1260
T2A_04      AATCCAGAAGAATTACTAGAGGTCTCTTTAAAACTAACGCGGGCCTATTAATTAATGCTG 1260
            **************** **********************.*** ****************
T1A_10      ATCAGAATGGTAGCTTTAATATACTTCGTAAATACCATAACGATAAATGTATTCTCAGAC 1192
T1A_05      ATCAGAATGGTAGCTTTAATATACTTCGTAAATATCATAAGGATAAATGTATTCTCAGAC 1192
T1A_16      ATCAGAATGGTAGTTTTAATATACTTCGTAAATACCATAACGATAAATGTATTCTCAGAC 1192
T1A_08      ATCAGAATGGTAGCTTTAATATACTTCGTAAATACCATAACGATAAATGTATTCTCAGAC 1192
T2A_09      ATCAGAATGGTAGTTTTAATATACTTCGTAAATACCATAACGATAAATGTATTCTCAGAC 1320
T2A_06      ATCAGAATGGTAGCTTTAATATACTTCGTAAATATCATAAGGATAAATGTATTCTCAGAC 1320
T2A_04      ATCAGAATGGTAGTTTTAATATACTTCGTAAATACCATAACGATAAATGTATTCTCAGAC 1320
            ************* ******************** ***** *******************
T1A_10      CTATCAAAGAGGCGAGAGATAATGGATTTGTGGACAATCCTTCAAGATTAAGGGTATCCT 1252
T1A_05      CCATCAAAGAGGCGAGAGATAATGGATTTGTGGACAATCCTTCAAGATTAAGGGTATCCT 1252
T1A_16      CTATCAAAGAGGCGAGAGATAATGGATTTGTGGACAATCCTTCAAGATTAAGGGTATCCT 1252
T1A_08      CTATCAAAGAGGCGAGAGATAATGGATTTGTGGACAATCCTTCAAGATTAAGGGTATCCT 1252
T2A_09      CTATCAAAGAGGCGAGAGATAATGGATTTGTGGACAATCCTTCAAGATTAAGGGTATCCT 1380
T2A_06      CTATCAAAGAGGCGAGAGATAATGGATTTGTGGACAATCCTTCAAGATTAAGGGTATCCT 1380
T2A_04      CTATCAAAGAGGCGAGAGATAATGGATTTGTGGACAATCCTTCAAGATTAAGGGTATCCT 1380
            * **********************************************************
T1A_10      AA 1254
T1A_05      AA 1254
T1A_16      AA 1254
T1A_08      AA 1254
T2A_09      AA 1382
T2A_06      AA 1382
T2A_04      AA 1382
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T2A_09       ATGCGATTATCATTTAAATTCAAGCCTAAATTAAGCCATAAGCAATTAGTAATAATTAAT 60
T2A*_13      ATGCGATTATCATTTAAATTCAAGCCTAAATTAAGCCATAAGCAATTAGTAATAATTAAT 60
             ************************************************************
T2A_09       GAATTAGCCTGGCATTGCTCTAAATTATATAATACAGTCAATTATCAGATTAAAAATAAT 120
T2A*_13      GAATTAGCCTGGCATTGCTCTAAATTATATAATATAGTCAATTATCAGATTAAAAATAAT 120
             ********************************** *************************
T2A_09       AAAGATGTAAAAGCTGTCTATACTGAATTAGAAACTAGATATAAAAATAACTGGCATAAT 180
T2A*_13      AAAGATGTAAAAGCTGTCTATACTGAA--------------------------------- 147
             ***************************                                 
T2A_09       GACTACCTTCACTCCCATAACAGACAACAGGCATTAAAGCAGTTAGCTCAGGACTGGAAA 240
T2A*_13      ------------------------------------------------------------ 147
                                                                         
T2A_09       AGTTTTTTTTATTCTCTCAAAGATTATAAAAAGAATCCTCAAAAATATAAGGGGCAGCCA 300
T2A*_13      ------------------------------------------------------------ 147
                                                                         
T2A_09       GGGTCACCTAATTTTAAACATATGAACAGTAATCCCTGTGAAATAATTTTTACCAATTTA 360
T2A*_13      --------------------TATGAACAGTAATCCCTGTGAAATAATTTTTACCAATTTA 187
                                 ****************************************
T2A_09       GCTGTTAGAATTAAAGATAACAAATTACTCTTATCCTTATCTAAAAAGATACAATCTAAA 420
T2A*_13      GCTGTTAGAATTAGAGATAACAAATTACTCTTATCCTTATCTAAAAAGATACAGTCTAAA 247
             *************.***************************************.******
T2A_09       TATAATGTGAAGGTCACTAAAGCTTTTAATTTATAATACGCAAGGAAAGCTTTAGTATGA 480
T2A*_13      TATAATGTGAAGGTCACTAAAGCTTTTAATTTATAATACGCAAGGAAAGCTTTAGTATGA 307
             ************************************************************
T2A_09       CCGTATTCGATTTGGCCCTCTTAATTTTGAGCTGCCTGAAGCAGTTCAAAGCATTATAGA 540
T2A*_13      CCGTATTCGATTTGGCCTCCTTAATTTTGAGCTGCTTGAAGCAGTTCAAAGCATTATAGA 367
             *****************  **************** ************************
T2A_09       TTTAGATGCTGTCCAGCAGATAAAGATAAAGCAAGATCATATCTCTAAAAAATGGTATCT 600
T2A*_13      TTTAGATGCTGTCCAACAGATAAAGATAAAGCAAGATCATATCTCTAAAAGATGGTATCT 427
             ***************.**********************************.*********
T2A_09       CTTAATTATCTACAAAGTTAAAGAGGCAAAAGAAAGTAAGAAATCTAACATAATGGCAGT 660
T2A*_13      ACTAATCATCTACAAAGTTAAAGAGGCAAAAGAAAGTAAGAAATCTAACATAATGGCAGT 487
             . **** *****************************************************
T2A_09       TGATTTAGGCCTTGATAACTTAGCTGTACTAACATTTAAAGATAATTCTGATTGTTATAT 720
T2A*_13      AGATCTAGGTCTTGATAATTTGGCTACTTTAACATTTAAAAACAATTCTGAGTGTTATAT 547
             :*** **** ******** **.***. : ***********.* ******** ********
T2A_09       TATCAATGGTAAAACTATTAAATCCAAAAATTCTTATTTTAATAAAGAAATTGCCAGACT 780
T2A*_13      TATCAATGGTAAAACTATTAAATCCAAAAATTCTTATTTTAATAAAGAAATTGCCAGACT 607
             ************************************************************
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T2A*_13      ACAAAGCATTAGAATGAGGCAGTTAGCTACCAGTAAAATTAGAGATACTAAACGAATAAA 667
             *************** ********************************************
T2A_09       ATATCTGAGATTAAAGAGAAGAAATTATATTAGAGATTATCTCCATAAAGCTAGTTGCAA 900
T2A*_13      ATATCTGAGATTAAAGAGAAGAAATTATATTAGAGATTATATCCATAAAGCTAGTTGCAA 727
             ****************************************.*******************
T2A_09       AATAGTTGATTTAGCAATTGAAAATCAAGTAGAAACTATTGTAATTGGAGATATAAAAAA 960
T2A*_13      AATAGTTGATTTAGCAATTGAAAATCAAGTAGAAACTATTGTAATCGGAGACATAAAAAA 787
             ********************************************* ***** ********
T2A_09       TATTAAACAATGCAGCAAGCTTAAATCTTTTGTCCAAATACCGATCCAGAGATTAAAAAA 1020
T2A*_13      TATTAAACAATGCAGCAAGCTTAAATCTTTTGTCCAAATACCGATCCAGAGATTAAAAAA 847
             ************************************************************
T2A_09       ATTAATTGAATACAAAGTTAAACTAAAAGGTATCAAAGTTGTTGAAATTGATGAAAGCTA 1080
T2A*_13      ATTAATTGAATACAAAGCTAAACTAAAAGGTATCAAAGTTGTTGAAATTGATGAAAGCTA 907
             ***************** ******************************************
T2A_09       TACTTCCGGATGTACTAAAGCTTTTAATTTTAATTACGCAAGGAAAGCTTTAGTATGACC 1140
T2A*_13      TACTTCCGGATGTACTAAAGCTTTTAATTTTAGTTACGCAAGGTAAGCTTTAGTATGACC 967
             ********************************.**********:****************
T2A_09       GTATTCGATTTGGCCGCTCTTCAGTAGATCTGGAAAAAATAAATAAAAGTAACTATGATA 1200
T2A*_13      GTATTCGATTTGGCCGCTATTCAGTAGATCTGGAAAAAATAAATAAAAGCAATTATGATA 1027
             ******************.****************************** ** *******
T2A_09       AATCCAGAAGAATTACCAGAGGTCTCTTTAAAACTAACGAGGGCCTATTAATTAATGCTG 1260
T2A*_13      AATCCAGAAGAATTACTAGGGGTCTCTTTAAAACTAACGAGGGCTTATTAATTAATGCTG 1087
             **************** **.************************ ***************
T2A_09       ATCAGAATGGTAGTTTTAATATACTTCGTAAATACCATAACGATAAATGTATTCTCAGAC 1320
T2A*_13      ATCAGAATGGTAGTTTTAATATACTTCGTAAATACCATAACGATAAATGTATTCTCAGAC 1147
             ************************************************************
T2A_09       CTATCAAAGAGGCGAGAGATAATGGATTTGTGGACAATCCTTCAAGATTAAGGGTATCCT 1380
T2A*_13      CTATCAAAGAGGCGAGAGATAATGGATTTGTGGACAATCCTTCAAGATTAAGGGTATCCT 1207
             ************************************************************
T2A_09       AA 1382
T2A*_13      AA 1209
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T2C_03       ATGCGATTATCATTTAAATTCAAGCCTAAATTAAGCCATAAGCAATTAGTAATAATTAAT 60
T2C_02       ATGCGATTATCATTTAAATTCAAGCCTAAATTAAGCCATAAGCAATTAGTAATAATTAAT 60
T2A_09       ATGCGATTATCATTTAAATTCAAGCCTAAATTAAGCCATAAGCAATTAGTAATAATTAAT 60
T2B_17       ATGCGATTATCATTTAAATTCAAGCCTAAATTAAGCCATAAGCAATTAGTAATAATTAAT 60
T2B*_18      ATGCGATTATCATTTAAATTCAAGCCTAAATTAAGCCATAAGCAATTAGTAATAATTAAT 60
T2A_06       ATGCGATTATCATTTAAATTCAAGCCTAAATTAAGCCATAAGCAATTAGTAATAATTAAT 60
T2A_04       ATGCGATTATCATTTAAATTCAAGCCTAAATTAAGCCATAAGCAATTAGTAATAATTAAT 60
T2B_20       ATGCGATTATCATTTAAATTCAACCCTAAATTAAGCCATAAGCAATTAGTAATAATTAAT 60
T2B_19       ATGCGATTATCATTTAAATTCAAGCCTAAATTAAGCCATAAGCAATTAGTAATAATTAAT 60
             *********************** ************************************
T2C_03       GAATTAGCCTGGCATTGCTCTAAATTATATAATACAGTCAATTATCAGATTAAAAATAAT 120
T2C_02       GAATTAGCCTGGCATTGCTCTAAATTATATAATACAGTCAATTATCAGATTAAAAATAAT 120
T2A_09       GAATTAGCCTGGCATTGCTCTAAATTATATAATACAGTCAATTATCAGATTAAAAATAAT 120
T2B_17       GAATTAGCCTGGCATTGCTCTAAATTATATAATACAGTCAATTATCAGATTAAAAATAAT 120
T2B*_18      GAATTAGCCTGGCATTGCTCTAAATTATATAATACAGTCAATTATCAGATTAAAAATAAT 120
T2A_06       GAATTAGCCTGGCATTGCTCTAAATTATATAATACAGTCAATTATCAGATTAAAAATAAT 120
T2A_04       GAATTAGCCTGGCATTGCTCTAAATTATATAATATAGTCAATTATCAGATTAAAAATAAT 120
T2B_20       GAATTAGCCTGGCATTGCTCTAAATTATATAATACAGTCAATTATCAGATTAAAAATAAT 120
T2B_19       GAATTAGCCTGGCATTGCTCTAAATTATATAATACAGTCAATTATCAGATTAAAAATAAT 120
             ********************************** *************************
T2C_03       AAAGATGTAAAAGCTGTCTATACTGAATTAGAAACTAGATATAAAAATAACTGGCATAAT 180
T2C_02       AAAGATGTAAAAGCTGTCTATACTGAATTAGAAACTAGATATAAAAATAACTGGCATAAT 180
T2A_09       AAAGATGTAAAAGCTGTCTATACTGAATTAGAAACTAGATATAAAAATAACTGGCATAAT 180
T2B_17       AAAGATGTAAAAGCTGTCTATACTGAATTAGAAACTAGATATAAAAATAACTGGCATAAT 180
T2B*_18      AAAGATGTAAAAGCTGTCTATACTGAATTAGAAACTAGATATAAAAATAACTGGCATAAT 180
T2A_06       AAAGATGTAAAAGCTGTCTATACTGAATTAGAAACTAGATATAAAAATAACTGGCATAAT 180
T2A_04       AAAGATGTAAAAGCTGTCTATACTGAATTAGAAACTAGATATAAAAATAACTGGCATAAT 180
T2B_20       AAAGATGTAAAAGCTGTCTATACTGAATTAGAAACTAGATATAAAAATAACTGGCATAAT 180
T2B_19       AAAGATGTAAAAGCTGTCTATACTGAATTAGAAACTAGATATAAAAATAACTGGCATAAT 180
             ************************************************************
T2C_03       GACTACCTTCACTCCCATAACAGACAACAGGCATTAAAGCAGTTAGCTAAGGACTGGAAA 240
T2C_02       GACTACCTTCACTCCCATAACAGACAACAGGCATTAAAGCAGTTAGCTAAGGACTGGAAA 240
T2A_09       GACTACCTTCACTCCCATAACAGACAACAGGCATTAAAGCAGTTAGCTCAGGACTGGAAA 240
T2B_17       GACTACCTTCACTCCCATAACAGACAGCAGGCATTAAAGCAGTTAGCTAAGGACTGGAAA 240
T2B*_18      GACTACCTTCACTCCCATAACAGACAACAGGCATTAAAGCAGTTAGCTAAGGACTGGAAA 240
T2A_06       GACTACCTTCACTCCCATAACAGACAGCAGGCATTAAAGCAGTTAGCTAAGGACTGGAAA 240
T2A_04       GACTACCTTCACTCCCATAACAGACAACAGGCATTAAAGCAGTTAGCTCAGGACTGGAAA 240
T2B_20       GACTACCTTCACTCCCATAACAGACAGCAGGCATTAAAGCAGTTAGCTCAGGACTGGAAA 240
T2B_19       GACTACCTTCACTCCCATAACAGACAACAGGCATTAAAGCTGTTAGCTCAGGACTGGAAA 240
             ************************** ************* ******* ***********
T2C_03       AGTTTTTTTTATTCTCTCAAAGATTATAAAAAGAATCCTCAAAAATATAAGGGTCAGCCA 300
T2C_02       AGTTTTTTTTATTCTCTCAAAGATTATAAAAAGAATCCTCAAAAATATAAGGGGCAGCCA 300
T2A_09       AGTTTTTTTTATTCTCTCAAAGATTATAAAAAGAATCCTCAAAAATATAAGGGGCAGCCA 300
T2B_17       AGTTTTTTTAATTCTCTCAAAGATTATAAAAAGAATCCTCAAAAATATAAAGGTCAGCCA 300
T2B*_18      AGTTTTTTTAATTCTCTCAAAGATTATAAAAAGAATCCTCAAAAATATAAGGGGCAGCCA 300
T2A_06       AGTTTTTTTAATTCTCTCAAAGATTATAAAAAGAATCCTCAAAAATATAAGGGGCAGCCA 300
T2A_04       AGTTTTTTTAATTCTCTCAAAGATTATAAAAAGAATCCTCAAAAATATAAGGGGCAGCCA 300
T2B_20       AGTTTTTTTAATTCTCTCAAAGATTATAAAAAGAATCCTCAAAAATATAAGGGTCAGCCA 300
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             ********* **************************************** ** ******
T2C_03       GGGTCACCTAATTTTAAACATATGAACAGTAATCCCTGTGAAATAATTTTTACCAATTTA 360
T2C_02       GGGTCACCTAATTTTAAACATATGAACAGTAATTCCTGTGAAATAATTTTTACCAATTTA 360
T2A_09       GGGTCACCTAATTTTAAACATATGAACAGTAATCCCTGTGAAATAATTTTTACCAATTTA 360
T2B_17       GGGTCACCGAATTTTAAACATATGAACAGTAATCCCTGTGAAATAATTTTTACCAATCTG 360
T2B*_18      GAGTCACCTAATTTTAAACATATGAACAGTAATCCCTGTGAAATAATTTTTACCAATTTA 360
T2A_06       GGGTCACCTAATTTTAAACATATGAACAGTAATCCCTGTGAAATAATTTTTACCAATTTA 360
T2A_04       GGATCACCTAATTTTAAACATATGAACAGTAATCCCTGTGAAATAATTTTTACCAATTTA 360
T2B_20       GGATCACCTAATTTTAAACATATGAACAGTAATCCCTGTGAAATAATTTTTACCAATTTA 360
T2B_19       GGATCACCTAATTTTAAACATATGAACAGTAATCCCTGTGAAATAATTTTTACCAATTTA 360
             *  ***** ************************ *********************** * 
T2C_03       GCTGTTAGAATTAAAGATAACAAATTACTCTTATCCTTATCTAAAAAGATACAATCTAAA 420
T2C_02       GCTGTTAGAATTAGAGATAACAAATTACTCTTATCCTTATCTAAAAAGATACAATCTAAA 420
T2A_09       GCTGTTAGAATTAAAGATAACAAATTACTCTTATCCTTATCTAAAAAGATACAATCTAAA 420
T2B_17       GCTGTTAGAATTAAAGATAATAAATTACTCTTATCCTTATCTAAAAAGATACAATCTAAA 420
T2B*_18      GCTGTTAGAATTAAAGATAACAAATTACTCTTATCCTTATCTAAAAAGATACAATCTAAA 420
T2A_06       GCTGTTAGAATTAAAGATAACAAATTACTCTTATCCTTATCTAAAAAGATACAATCTAAA 420
T2A_04       GCTGTTAGGATTAGAGATAACAAATTACTCTTATCCTTATCTAAAAAGATACAATCTAAA 420
T2B_20       GCTGTTAGAATTAGAGATAACAAATTACTCTTATCCTTATCTAAAAAGATACAATCTAAA 420
T2B_19       GCTGTTAGAATTAGAGATAATAAATTACTCTTATCCTTATCTAAAAAGATACAATCTAAA 420
             ******** **** ****** ***************************************
T2C_03       TATAATGTGAAG------------------------------------------------ 432
T2C_02       TATAATGTGAAG------------------------------------------------ 432
T2A_09       TATAATGTGAAGGTCACTAAAGCTTTTAATTTATAATACGCAAGGAAAGCTTTAGTATGA 480
T2B_17       TATAATGTGAAGGTCACTAAAGCTTTTAATTTATAATACGCAAGGAAAGCTTTAGTATGA 480
T2B*_18      TATAATGTGAAGGTCACTAAAGCTTTTAATTTATAATACGCAAGGAAAGCTTTAGTATGA 480
T2A_06       TATAATGTGAAGGTCACTAAAGCTTTTAATTTATAATACGCAAGGAAAGCTTTAGTATGA 480
T2A_04       TATAATGTGAAGGTCACTAAAGCTTTTAATTTATAATACGCAAGGAAAGCTTTAGTATGA 480
T2B_20       TATAATGTGAAGGTCACTAAAGCTTTTAATTTATAATACGCAAGGAAAGCTTTAGTATGA 480
T2B_19       TATAATGTGAAGGTCACTAAAGCTTTTAATTTATAATACGCAAGGAAAGCTTTAGTATGA 480
             ************                                                
T2C_03       ----------------GCTCTTAATTTTGAGCTGCCTGAAGCAGTTCAAAGCATTATAGA 476
T2C_02       ----------------GCTCTTAATTTTGAGCTGCCTGAAGCAGTTCAAAGCATTATAGA 476
T2A_09       CCGTATTCGATTTGGCCCTCTTAATTTTGAGCTGCCTGAAGCAGTTCAAAGCATTATAGA 540
T2B_17       CCGTATTCGATTTGGCCTTCTTAATTTTGAGCTGCCTGAAGCAGTTCAAAGCATTATAGA 540
T2B*_18      CCGTATTCGATTTGGCC-TCTTAATTTTGAGCTGCCTGAAGCAGTTCAAAGCATTATAGA 539
T2A_06       CCGTATTCGATTTGGCCTCCTTAATTTTGAGCTGCCTGAAGCAGTTCAAAGCATTATAGA 540
T2A_04       CCGTATTCGATTTGGCCCTCTTAATTTTGAGCTGCCTGAAGCAGTTCAAAGCATTATAGA 540
T2B_20       CCGTATTCGATTTGGCCTCCTTAATTTTGAGCTGCCTGAAGCAGTTCAAAGCATTATAGA 540
T2B_19       CCGTATTCGATTTGGCCCTCTTAATTTTGAGCTGCCTGAAGCAGTTCAAAGCATTATAGA 540
                                *****************************************
T2C_03       TTTAGATGCTGTCCAGCAGATAAAGATTAAGCAGGACCGTATTTCTAAAAGATGGTATCT 536
T2C_02       TTTAGATGCTGTCCAGCAGATAAAGATAAAGCAAGATCATATCTCTAAAAAATGGTATCT 536
T2A_09       TTTAGATGCTGTCCAGCAGATAAAGATAAAGCAAGATCATATCTCTAAAAAATGGTATCT 600
T2B_17       TTTAGATGCTGTCCAGCAGATAAAGATTAAGCAGGACCGTATTTCTAAAAGATGGTATCT 600
T2B*_18      TTTAGATGCTGTCCAGCAGATAAAGATTAAGCAGGACCGTATTTCTAAAAGATGGTATCT 599
T2A_06       TTTAGATGCTGTCCAGCAGATAAAGATTAAGCAGGACCGTATTTCTAAAAGATGGTATCT 600
T2A_04       TTTAGATGCTTTACAGCAGATAAAGATTAAGCAGGACCGTATTTCTAAAAGATGGTATCT 600
T2B_20       TTTAGATGCTTTACAGCAGATAAAGGTTAAGCAGGACCGTATTTCTAAAAGATGGTATCT 600
T2B_19       TTTAGATGCTGTCCAGCAGATAAAGATTAAGCAGGACCGCATTTCTAAAAGATGGTATCT 600
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T2C_03       CTTAATTATCTACAAAGTTAAAGAGGCAAAAGAAAGTAAGAAATCTAACATAATGGCAGT 596
T2C_02       CTTAATTATCTACAAAGTTAAAGAGGCAAAAGAAAGTAAGAAATCTAACATAATGGCAGT 596
T2A_09       CTTAATTATCTACAAAGTTAAAGAGGCAAAAGAAAGTAAGAAATCTAACATAATGGCAGT 660
T2B_17       ACTAATCATCTACAAAGTTAAAGAGGCAAAAGAAAATAAGAAATCTAACATAATGGCAGT 660
T2B*_18      CTTAATTATCTACAAAGTTAAAGAGGCAAAAGAAAGTAAGAAATCTAACATAATGGCAGT 659
T2A_06       CTTAATTATCTATAAGACCGAGGAAATAAAAGAAAATAATAACCCTAACATAATGGCAAT 660
T2A_04       ACTAATCGTCTATAAGAGCGAGGAAATAAAAGAAAATAATAACCCTAACATAATGGCAAT 660
T2B_20       ACTAATTATCTATACGACCGAGGAAATAAAAGGAAATAATAACCCTAACATAATGGCAGT 660
T2B_19       ACTAATCATCTATAAGGTCGAGGAAATAAAAGAAAATAATAACTCTAACATAATGGCAGT 660
               ****  **** *      * **   ***** ** *** **  ************** *
T2C_03       TGATCTAGGTCTTGATAATTTGGCTACTTTAACATTTAAAAACAATTCTGATTGTTATAT 656
T2C_02       TGATTTAGGCCTTGATAACTTAGCTGTACTAACATTTAAAGATAATTCTGATTGTTATAT 656
T2A_09       TGATTTAGGCCTTGATAACTTAGCTGTACTAACATTTAAAGATAATTCTGATTGTTATAT 720
T2B_17       AGATCTAGGTCTTGATAATTTGGCTACTTTAACATTTAAAAACAATTCTGATTGTTATAT 720
T2B*_18      TGATCTAGGTCTTGATAATTTGGCTACTTTAACATTTAAAAACAATTCTGATTGTTATAT 719
T2A_06       AGATCTAGGTCTTGATAATTTGGCTACTTTAACATTTAAAAACAATTTTGATTGTTATAT 720
T2A_04       AGATCTAGGTCTTGATAATTTGGCTACTTTAATATTTAAAAACAATTCTGATTGTTATAT 720
T2B_20       TGATCTAGGTCTTGATAATTTGGCTACTTTAACATTTAAAAACAATTCTGATTGTTATAT 720
T2B_19       AGATATAGGTCTTGATAATTTGGCTACTTTAACATTTAAAAACAATTCTGATTGTTATAT 720
              *** **** ******** ** ***    *** ******* * **** ************
T2C_03       TATCAATGGTAAAACTATTAAATCCAAAAATTCTTATTTTAATAAAGAAATTGCCAGACT 716
T2C_02       TATCAATGGTAAAACTATTAAATCCAAAAATTCTTATTTTAATAAAGAAATTGCCAGACT 716
T2A_09       TATCAATGGTAAAACTATTAAATCCAAAAATTCTTATTTTAATAAAGAAATTGCCAGACT 780
T2B_17       TATCAATGGTAAAACTATTAAATCCAAAAATTCTTATTTTAATAAAGAAATTGCCAGACT 780
T2B*_18      TATCAATGGTAAAACTATTAAATCCAAAAATTCTTATTTTAATAAAGAAATTGCCAGACT 779
T2A_06       TATCAATGGTAAAACTATTAAATCCAAAAATTCTTATTTTAATAAAGAAATTGCCAGACT 780
T2A_04       TATCAATGGTAAAACTATTAAATCTAAAAATTCTTATTTTAATAAAGAAATTGCCAGACT 780
T2B_20       TATCAATGGTAAAACTATTAAATCCAAAAATTCTTATTTTAATAAAGAAATTGCCAGACT 780
T2B_19       TATCAATGGTAAAACTATTAAATCCAAAAATTCTTATTTTAATAAAGAAATTGCCAGACT 780
             ************************ ***********************************
T2C_03       ACAAAGCATTAGAATGAGGCAGTTAGCTACCAGTAAAATTAGAGATACTAAACGAATAAA 776
T2C_02       ACAAAGCATTAGAATGAGGCAGTTAGCTACCAGTAAAATTAGAGATACTAAACGAATAAA 776
T2A_09       ACAAAGCATTAGAATTAGGCAGTTAGCTACCAGTAAAATTAGAGATACTAAACGAATAAA 840
T2B_17       ACAAAGCATTAGAATGAGGCAGTTAGCTACCAGTAAAATTAGAGATACTAAACGAATAAA 840
T2B*_18      ACAAAGCATTAGAATGAGGCAGTTAGCTACCAGTAAAATTAGAGATACTAAACGAATAAA 839
T2A_06       ACAAAGCATTAGAATGAGGCAGTTAGCTACCAGTAAAATTAGAGATACTAAACGAATAAA 840
T2A_04       ACAAAGCATTAGAATGAGGCAGTTAGCTACCAGTAAAATTAGAGATACTAAACGAATAAA 840
T2B_20       ACAAAGCATTAGAATGAGGCAGTTAGCTACCAGTAAAATTAGAGATACTAAACGAATAAA 840
T2B_19       ACAAAGCATTAGAATGAGGCAGTTAGCTACCAGTAAAATTAGAGATACTAAACGAATAAA 840
             *************** ********************************************
T2C_03       ATATCTGAGATTAAAGAGAAAAAATTATATTAGAGATTATCTCCATAAAGCTAGTTGCAA 836
T2C_02       ATATCTGAGATTAAAGAGAAGAAATTATATTAGAGATTATCTCCATAAAGCTAGCTGCAA 836
T2A_09       ATATCTGAGATTAAAGAGAAGAAATTATATTAGAGATTATCTCCATAAAGCTAGTTGCAA 900
T2B_17       ATATCTGAGATTAAAGAGAAGAAATTATATTAGAGATTATCTCCATAAAGCTAGCTGCAA 900
T2B*_18      ATATCTGAGATTAAAGAGAAAAAATTATATTAGAGATTATCTCCATAAAGCTAGTTGCAA 899
T2A_06       ATATCTGAGATTAAAGAGAAGAAATTATATTAGCGATTATCTCCATAAAGCTAGTTGCAA 900
T2A_04       ATATCTGAGATTAAAGAGAAGAAATTATATTAGAGATTATCTCCATAAAGCTAGTTGCAA 900
T2B_20       ATATCTGAGATTAAAGAGAAGAAATTATATTAGAGATTATCTCCATAAAGCTAGCTGCAA 900
T2B_19       ATATCTGAGATTAAAGAGAAAAAATTATATTAGAGATTATCTCCATAAAGCTAGTTGCAA 900
             ******************** ************ ******************** *****
T2C_03       AATAGTTGATTTAGCAATTGAAAATCAAGTAGAAACTATTGTAATCGGAGATATAAAAAA 896
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T2A_09       AATAGTTGATTTAGCAATTGAAAATCAAGTAGAAACTATTGTAATTGGAGATATAAAAAA 960
T2B_17       AATAGTTGATTTAGCAATTGAAAATCAAGTAGAAACTATTGTAATTGGAGATATAAAAAA 960
T2B*_18      AATAGTTGATTTAGCAATTGAAAATCAAGTAGAAACTATTGTAATTGGAGATATAAAAAA 959
T2A_06       AATAGTTGATTTAGCAATTGAAAATCAAGTAGAAACTATTGTAATCAGAGATATAAAAAA 960
T2A_04       AATAGTTGATTTAGCAATTGAAAATCAAGTAGAAACTATTGTAATTGGAGATATAAAAAA 960
T2B_20       AATAGTTAATTTAGCAGTTGAAAATCAAGTAGAAACTATTGTAATTGGAGATATAAAAAA 960
T2B_19       AATAGTTGATTTAGCAATTGAAAATCAAGTAGAAACTATTGTAATCGGAGATATAAAAAA 960
             ******* ******** ****************************  *************
T2C_03       TATTAAACAATGCAGCAAACTTAAATCTTTTGTCCAAATACCGATTCAGAGATTAAAAAA 956
T2C_02       TATTAAACAATGCAGCAAACTTAAATCTTTTGTCCAAATACCGATCCAGAGATTAAAAAA 956
T2A_09       TATTAAACAATGCAGCAAGCTTAAATCTTTTGTCCAAATACCGATCCAGAGATTAAAAAA 1020
T2B_17       TATTAAACAATGCAGCAAACTTAAATCTTTTGTCCAAATACCGATCCAGAGATTAAAAAA 1020
T2B*_18      TATTAAACAATGCAGCAAACTTAAATCTTTTGTCCAAATACCGATCA-GAGATTAAAAAA 1018
T2A_06       TATTAAACAATGCAGCAAGCTTAAATCTTTTGTCCAAATACCAATCCAGAGATTAAAAAA 1020
T2A_04       TATTAAACAATGCAGCAAACTTAAATCTTTTGTCCAAATACCGATCCAGAGATTAAAAAA 1020
T2B_20       TATTAAACAATGCAGCAAACTTAAATCTTTTGTCCAAATACCGATCCAGAGATTAAAAAA 1020
T2B_19       TATTAAACAATGCAGCAAACTTAAATCTTTTGTCCAAATACCGATCCAGAGATTAAAAAA 1020
             ****************** *********************** **   ************
T2C_03       ATTAATTGAATACAAAGCTAAACTAAAAGGTATCAAAGTTGTTGAAATTGATGAAAGCTA 1016
T2C_02       ATTAATTGAATACAAAGCTAAACTAAAAGGTATCAAAGTTGTTGAAATTGATGAAAGCTA 1016
T2A_09       ATTAATTGAATACAAAGTTAAACTAAAAGGTATCAAAGTTGTTGAAATTGATGAAAGCTA 1080
T2B_17       ATTAATTGAATACAAAGCTAAACTAAAAGGTATCAAAGTTGTTGGAATTGATGAAAGCTA 1080
T2B*_18      ATTAATTGAATACAAAGCTAAACTAAAAGGTATCAAAGTTGTTGAAATTGATGAAAGCTA 1078
T2A_06       ATTAATTGAATACAAAGCTAAACTAAAAGGTATCAAAGTTGTTGAAATTGATGAAAGCTA 1080
T2A_04       ATTAATTGAATACAAAGCTAAACTAAAAGGTATCAAAGTTGTTGAAATTGATGAAAGCTA 1080
T2B_20       ATTAATTGAATACAAAGCTAAACTAAAAGGTATCAAAGTTGTTGAAATTGATGAAAGCTA 1080
T2B_19       ATTAATTGAATACAAAGCTAAACTAAAAGGTATCAAAGTTGTTGAAATTGATGAAAGCTA 1080
             ***************** ************************** ***************
T2C_03       TACTTCTGGGTGTACTAAAGCTTTTAATTTTAATTACGCAAGGTAAGCTTTAGTATGACC 1076
T2C_02       TACTTCTGGATGTACTAAAGCTTTTAATTTTAATTACGCAAGGTAAGCTTTAGTATGACC 1076
T2A_09       TACTTCCGGATGTACTAAAGCTTTTAATTTTAATTACGCAAGGAAAGCTTTAGTATGACC 1140
T2B_17       TACTTCTGGATGTA---------------------------------------------- 1094
T2B*_18      TACTTCTGGGTGTA---------------------------------------------- 1092
T2A_06       TACTTCTGGGTGTACTAAAGCTTTTAATTTTAATTACGCAAGGTAAGCTTTAGTATGACC 1140
T2A_04       TACTTCTGGATGTACTAAAGCTTTTAATTTTAATTACGCAAGGTAAGCTTTAGTATGACC 1140
T2B_20       TACTTCTGGGTGT----------------------------------------------- 1093
T2B_19       TACTTCTGGATGT----------------------------------------------- 1093
             ****** ** ***                                               
T2C_03       GTATTCGATTTGGCCGCTATTCAGTAGATCTGGAAAAAATAAATAAAAGTAACTATGATA 1136
T2C_02       GTATTCGATTTGGCCGCTATTCAGTAGATCTGGAAAAAATAAATAAAAGTAACTATGATA 1136
T2A_09       GTATTCGATTTGGCCGCTCTTCAGTAGATCTGGAAAAAATAAATAAAAGTAACTATGATA 1200
T2B_17       ------------------GTTCAGTAGATCTGGAAAAAATAAATAAAAGTAACTATGATA 1136
T2B*_18      ------------------GTTCAGTAGATCTGGAAAAAATAAATAAAAGTAACTATGATA 1134
T2A_06       GTATTCGATTTGGCCGCTATTCAGTAGATCTGGAAAAAATAAATAAAAGTAACTATGATA 1200
T2A_04       GTATTCGATTTGGCCGCTGTTCAGTAGATCTGGAAAAAATAAATAAAAGTAACTATGATA 1200
T2B_20       -----------------AGTTCAGTAGATCTGGAAAAAATAAATAAAAGTAACTATGATA 1136
T2B_19       -----------------AGTTCAGTAGATCTGGAAAAAATAAATAAAAGTAACTATGATA 1136
                                *****************************************
T2C_03       AATCCAGAAGAATTACTAGAGGTCTCTTTAAAACTAACGCGGGCCTATTAATTAATGCTG 1196
T2C_02       AATCCAGAAGAATTACTAGAGGTCTCTTTAAAACTAACGAGGGCCTATTAATTAATGCTG 1196
T2A_09       AATCCAGAAGAATTACCAGAGGTCTCTTTAAAACTAACGAGGGCCTATTAATTAATGCTG 1260
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T2B*_18      AATCCAGAAGAATTACTAGAGGTCTCTTTAAAACTAACGAGGGCCTATTAATTAATGCTG 1194
T2A_06       AATCCAGAAGAATTACCAGAGGTCTCTTTAAAACTAACGAGGGCCTATTAATTAATGCTG 1260
T2A_04       AATCCAGAAGAATTACTAGAGGTCTCTTTAAAACTAACGCGGGCCTATTAATTAATGCTG 1260
T2B_20       AATCCAGAAGAATTACTAGAGGTCTCTTTAAAACTAACGAGGGCCTATTAATTAATGCTG 1196
T2B_19       AATCCAGAAGAATTACTAGAGGTCTCTTTAAAACTAACGAGGGCCTATTAATTAATGCTG 1196
             **************** ********************** ********************
T2C_03       ATCAGAATGGTAGTTTTAATATACTTCGTAAATATCATAACGATAAATGTATTCTCAGAC 1256
T2C_02       ATCAGAATGGTAGTTTTAATATACTTCGTAAATACCATAACGATAAATGTATTCTCAGAC 1256
T2A_09       ATCAGAATGGTAGTTTTAATATACTTCGTAAATACCATAACGATAAATGTATTCTCAGAC 1320
T2B_17       ATCAGAATGGTAGTTTTAATATACTTCGTAAATACCATAACGATAAATGTATTCTCAGAC 1256
T2B*_18      ATCAGAATGGTAGTTTTAATATACTTCGTAAATACCATAACGATAAATGTATTCTCAGAC 1254
T2A_06       ATCAGAATGGTAGCTTTAATATACTTCGTAAATATCATAAGGATAAATGTATTCTCAGAC 1320
T2A_04       ATCAGAATGGTAGTTTTAATATACTTCGTAAATACCATAACGATAAATGTATTCTCAGAC 1320
T2B_20       ATCAGAATGGTAGCTTTAATATACTTCGTAAATACCATAACGATAAATGTATTCTCAGAC 1256
T2B_19       ATCAGAATGGTAGCTTTAATATACTTCGTAAATACCATAACGATAAATGTATTCTCAGAC 1256
             ************* ******************** ***** *******************
T2C_03       CTATCAAAGAGGCGAGAGATAATGGATTTGTGGACAATCCTTCAAGATTAAGGGTATCCT 1316
T2C_02       CTATCAAAGAGGCGAGAGATAATGGATTTGTGGACAATCCTTCAAGATTAAGGGTATCCT 1316
T2A_09       CTATCAAAGAGGCGAGAGATAATGGATTTGTGGACAATCCTTCAAGATTAAGGGTATCCT 1380
T2B_17       CTATCAAAGAGGCGAGAGATAATGGATTTGTGGACAATCCTTCAAGATTAAGGGTATCCT 1316
T2B*_18      CTATCAAAGAGGCGAGAGATAATGGATTTGTGGACAATCCTTCAAGATTAAGGGTATCCT 1314
T2A_06       CTATCAAAGAGGCGAGAGATAATGGATTTGTGGACAATCCTTCAAGATTAAGGGTATCCT 1380
T2A_04       CTATCAAAGAGGCGAGAGATAATGGATTTGTGGACAATCCTTCAAGATTAAGGGTATCCT 1380
T2B_20       CTATCAAAGAGGCGAGAGATAATGGATTTGTGGACAATCCTTCAAGATTAAGGGTATCCT 1316
T2B_19       CTATCAAAGAGGCGAGAGATAATGGATTTGTGGACAATCCTTCAAGATTAAGGGTATCCT 1316
             ************************************************************
T2C_03       AA 1318
T2C_02       AA 1318
T2A_09       AA 1382
T2B_17       AA 1318
T2B*_18      AA 1316
T2A_06       AA 1382
T2A_04       AA 1382
T2B_20       AA 1318
T2B_19       AA 1318
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CLUSTAL multiple sequence alignment by Kalign (2.0)
T1A_16     ATGCGATTATCATTTAAATTCAAGCCTAAATTAAGCCATAAGCAATTAGTAATAATTAAT
T2A_09     ATGCGATTATCATTTAAATTCAAGCCTAAATTAAGCCATAAGCAATTAGTAATAATTAAT
T3_23      ATGCGATTATCATTTAAATTCAAGCCTAAATTAAGCCATAAGCAATTAGTAATAATTAAT
T3_22      ATGCGATTATCATTTAAATTCAAGCCTAAATTAAGCCATAAGCAATTAGTAATAATTAAT
T3_21      ATGCGATTATCATTTAAATTCAAGCCTAAATTAAGCCATAAGCAATTAGTAATAATTAAT
T3_12      ATGCGATTATCATTTAAATTCAAGCCTAAATTAAGCCATAAGCAATTAGTAATAATTAAT
T3_11      ATGCGATTATCATTTAAATTCAACCCTAAATTAAGCCATAAGCAATTAGTAATAATTAAT
T1A_16     GAATTAGCCTGGCATTGCTCTAAATTATATAATACAGTCAATTATCAGATTAAAAATAAT
T2A_09     GAATTAGCCTGGCATTGCTCTAAATTATATAATACAGTCAATTATCAGATTAAAAATAAT
T3_23      GAATTAGCCTGGCATTGCTCTAAATTATATAATACAGTCAATTATCAGATTAAAAATAAT
T3_22      GAATTAGCCTAGCATTGCTCTAAATTATATAATACAGTCAATTATCAGATTAAAAATAAT
T3_21      GAATTAGCCTGGCATTGCTCTAAATTATATAATACAGTCAATTATCAGATTAAAAATAAT
T3_12      GAATTAGCCTGGCATTGCTCTAAATTATATAATACAGTTAATTATCAGGTTAAAAACAAT
T3_11      GAATTAGCCTGGCATTGCTCTAAATTATATAATATAGTCAATTATCAGATTAAAAATAAT
T1A_16     AAAGATGTAAAAGCTGTCTATACTGAATTAGAAACTAGATATAAAAATAACTGGCATAAT
T2A_09     AAAGATGTAAAAGCTGTCTATACTGAATTAGAAACTAGATATAAAAATAACTGGCATAAT
T3_23      AAAGATGTAAAAGCTGTCTATACTGAATTAGAAACTAGATATAAAAATAACTGGCATAAT
T3_22      AAAGATGTAAAAGCTGTCTATACTGAATTAGAAACTAGATATAAAAATAACTGGCATAAT
T3_21      AAAGATGTAAAAGCTGTCTATACTGAATTAGAAACTAGATATAAAAATAACTGGCATAAT
T3_12      AAAGATGTAAAAGCTGTCTATACTGAATTAGAAACTAGATATAAAAATAACTGGCATAAT
T3_11      AAAGATGTAAAAGCTGTCTATACTGAATTAGAAACTAGATATAAAAATAACTGGCATAAT
T1A_16     GACTACCTTCACTCCCATAACAGACAGCAGGCATTAAAGCAGTTAGTTCAGGACTGGAAA
T2A_09     GACTACCTTCACTCCCATAACAGACAACAGGCATTAAAGCAGTTAGCTCAGGACTGGAAA
T3_23      GACTACCTTCACTCCCATAACAGACAGCAGGCATTAAAGCAGTTAGCTCAGGACTGGAAA
T3_22      GACTACCTTCACTCCCATAACAGACAACAGGCATTAAAGCAGTTAGCTCAGGACTGGAAA
T3_21      GACTACCTTCACTCCCATAACAGACAGCAGGCATTAAAGCAGTTAGCTCAGGACTGGAAA
T3_12      GACTACCTTCACTCCCATAACAGACAGCAGGCATTAAAGCATTTAGCTCAGGACTGGAAA
T3_11      GACTACCTTCACTCCCATAACAGACAGCAGGCATTAAAGCAGTTAGCTCAGGACTGGAAA
T1A_16     AGTTTTTTTAATTCTCTCAAAGATTATAAAAAGAATCCTCAAAAATATAAGGGTCAGCCA
OK
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T2A_09     AGTTTTTTTTATTCTCTCAAAGATTATAAAAAGAATCCTCAAAAATATAAGGGGCAGCCA
T3_23      AGTTTTTTTAATTCACTCAAAGATTATAAAAAGAATCCTCAAAAATATAAGGGGCAGCCA
T3_22      AGTTTTTTTAATTCACTCAAAGATTATAAAAAGAATCCTCAAAAATATAAGGGTCAGCCA
T3_21      AGTTTTTTTAATTCTCTCAAAGATTATAAAAAGAATCCTCAAAAATATAAGGGTCAGCCA
T3_12      AGTTTTTTTAATTCTCTCAAAGATTATAAAAAGAATCCTCAAAAATATAAGGGGCAGCCA
T3_11      AGTTTTTTTAATTCTCTCAAAGATTATAAAAAGAATCCTCAAAAATATAAGGGTCAGCCA
T1A_16     GGGTCACCTAATTTTAAACATATGAACAGTAATCCCTGTGAAATAATTTTTACCAATTTA
T2A_09     GGGTCACCTAATTTTAAACATATGAACAGTAATCCCTGTGAAATAATTTTTACCAATTTA
T3_23      GGGTCACCTAATTTTAAACATATGAACAGTAATCCCTGTGAAATAATTTTTACCAATTTA
T3_22      GGGTCACCTAATTTTAAACATATGAACAGTAATCCCTGTGAAATAATTTTTACCAATTTA
T3_21      GGATCACCTAATTTTAAACATATGAACAGTAATCCCTGTGAAATAATTTTTACCAATCTG
T3_12      GGGTCACCTAATTTTAAACATATGAACAGTAATCCCTGTGAAATAATTTTTACCAATTTA
T3_11      GGGTCACCTAATTTTAAACATATGAACAGTAATCCCTGTGAAATAATTTTTACCAATTTA
T1A_16     GCTGTTAGAATTAGAGATAACAAATTACTCTTATCCTTATCTAAAAAGATACAGTCTAAA
T2A_09     GCTGTTAGAATTAAAGATAACAAATTACTCTTATCCTTATCTAAAAAGATACAATCTAAA
T3_23      GCTGTTAGAATTAGAGATAACAAATTACTCTTATCCTTATCTAAAAAGATACAGTCTAAA
T3_22      GCTGTTAGAATTAAAGATAACAAATTACTCTTATCCTTATCTAAAAAGATACAATCTAAA
T3_21      GCTATTAGAATTAAAGATAACAAATTACTCTTATCCTTATCTAAAAAGATACAATCTAAA
T3_12      GCTGTTAGAATTAAAGATAACAAATTACTCTTATCCTTATCTAAAAAGATACAATCTAAA
T3_11      GCTGTTAGAATTAGAGATAATAAATTACTCTTATCCTTATCTAAAAAGATACAGTCTAAA
T1A_16     TATAATGTGAAGG-----------------------------------------------
T2A_09     TATAATGTGAAGGTCACTAAAGCTTTTAATTTATAATACGCAAGGAAAGCTTTAGTATGA
T3_23      TATAATGTGAAAAGCACTAAAGCTTTTAATTTATAA------------------------
T3_22      TATAATGTGAAGGTCACTAAAGCTTTTAATTTATAA------------------------
T3_21      TATAATGTGAAGGTCACTAAAGCTTTTAATTTATAA------------------------
T3_12      TATAATGTGAAAGTCACTAAAGCTTTTAATTTATAA------------------------
T3_11      TATAATGTGAAAGTCACTAAAGCTTTTAATTTATAA------------------------
T1A_16     -----------------CTCTTAATTTTGAGCTGCCTGAAGCAGTTCAAAGCATTATAGA
T2A_09     CCGTATTCGATTTGGCCCTCTTAATTTTGAGCTGCCTGAAGCAGTTCAAAGCATTATAGA
T3_23      ------------------------------------------------------------
T3_22      ------------------------------------------------------------
T3_21      ------------------------------------------------------------
T3_12      ------------------------------------------------------------
T3_11      ------------------------------------------------------------
T1A_16     TTTAGATGCTGTCCAGCAGATAAAGATTAAGCAGGACCGTATTTCTAAAAGATGGTATCT
T2A_09     TTTAGATGCTGTCCAGCAGATAAAGATAAAGCAAGATCATATCTCTAAAAAATGGTATCT
T3_23      ------------------------------------------------------------
T3_22      ------------------------------------------------------------
T3_21      ------------------------------------------------------------
T3_12      ------------------------------------------------------------
T3_11      ------------------------------------------------------------
T1A_16     CTTAATTATCTACAAAGTTAAAGAGGCAAAAGAAAGTAAGAAATCTAACATAATGGCAGT
T2A_09     CTTAATTATCTACAAAGTTAAAGAGGCAAAAGAAAGTAAGAAATCTAACATAATGGCAGT
T3_23      ------------------------------------------------------------
T3_22      ------------------------------------------------------------
T3_21      ------------------------------------------------------------
T3_12      ------------------------------------------------------------
T3_11      ------------------------------------------------------------
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T1A_16     AGATCTAGGTCTTGATAATTTGGCTACTTTAATATTTAAAAACAATTCTGATTGTTATAT
T2A_09     TGATTTAGGCCTTGATAACTTAGCTGTACTAACATTTAAAGATAATTCTGATTGTTATAT
T3_23      ------------------------------------------------------------
T3_22      ------------------------------------------------------------
T3_21      ------------------------------------------------------------
T3_12      ------------------------------------------------------------
T3_11      ------------------------------------------------------------
T1A_16     TATCAATGGTAAAACTATTAAATCCAAAAATTCTTATTTTAATAAAGAAATTGCCAGACT
T2A_09     TATCAATGGTAAAACTATTAAATCCAAAAATTCTTATTTTAATAAAGAAATTGCCAGACT
T3_23      ------------------------------------------------------------
T3_22      ------------------------------------------------------------
T3_21      ------------------------------------------------------------
T3_12      ------------------------------------------------------------
T3_11      ------------------------------------------------------------
T1A_16     ACAAAGCATTAGAATGAGGCAGTTAGCTACCAGTAAAATTAGAGATACTAAACGAATAAA
T2A_09     ACAAAGCATTAGAATTAGGCAGTTAGCTACCAGTAAAATTAGAGATACTAAACGAATAAA
T3_23      ------------------------------------------------------------
T3_22      ------------------------------------------------------------
T3_21      ------------------------------------------------------------
T3_12      ------------------------------------------------------------
T3_11      ------------------------------------------------------------
T1A_16     ATATCTGAGATTAAAGAGAAAAAATTATATTAGAGATTATCTCCATAAAGCTAGTTGCAA
T2A_09     ATATCTGAGATTAAAGAGAAGAAATTATATTAGAGATTATCTCCATAAAGCTAGTTGCAA
T3_23      ------------------------------------------------------------
T3_22      ------------------------------------------------------------
T3_21      ------------------------------------------------------------
T3_12      ------------------------------------------------------------
T3_11      ------------------------------------------------------------
T1A_16     AATAGTTGATTTAGCAATTGAAAATCAAGTAGAAACTATTGTAATTGGAGATATAAAAAA
T2A_09     AATAGTTGATTTAGCAATTGAAAATCAAGTAGAAACTATTGTAATTGGAGATATAAAAAA
T3_23      ------------------------------------------------------------
T3_22      ------------------------------------------------------------
T3_21      ------------------------------------------------------------
T3_12      ------------------------------------------------------------
T3_11      ------------------------------------------------------------
T1A_16     TATTAAACAATGCAGCAAACTTAAATCTTTTGTCCAAATACCGATCCAGAGATTAAAAAA
T2A_09     TATTAAACAATGCAGCAAGCTTAAATCTTTTGTCCAAATACCGATCCAGAGATTAAAAAA
T3_23      ------------------------------------------------------------
T3_22      ------------------------------------------------------------
T3_21      ------------------------------------------------------------
T3_12      ------------------------------------------------------------
T3_11      ------------------------------------------------------------
T1A_16     ATTAATTGAATACAAAGCTAAACTAAAAGGTATCAAAGTTGTTGGAATTGATGAAAGCTA
T2A_09     ATTAATTGAATACAAAGTTAAACTAAAAGGTATCAAAGTTGTTGAAATTGATGAAAGCTA
T3_23      ------------------------------------------------------------
T3_22      ------------------------------------------------------------
T3_21      ------------------------------------------------------------
T3_12      ------------------------------------------------------------
	 90	
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T3_11      ------------------------------------------------------------
T1A_16     TACTTCTGGATGTAGT--------------------------------------------
T2A_09     TACTTCCGGATGTACTAAAGCTTTTAATTTTAATTACGCAAGGAAAGCTTTAGTATGACC
T3_23      ----------------------------------TACGCAAGGTAAGCTTTAGTATGACC
T3_22      ----------------------------------TACGCAAGGTAAGCTTTAGTATGACC
T3_21      ----------------------------------TACGCAAGGAAAGCTTTAGTATGACC
T3_12      ----------------------------------TACGCAAGGAAAGCTTTAGTATGACC
T3_11      ----------------------------------TACGCAAGGAAAGCTTTAGTATGACC
T1A_16     --------------------TCAGTAGATCTGGAAAAAATAAATAAAAGTAACTATGATA
T2A_09     GTATTCGATTTGGCCGCTCTTCAGTAGATCTGGAAAAAATAAATAAAAGTAACTATGATA
T3_23      GTATTCGATTTGGCCGCTGTTCAGTAGATCTGGAAAAAATAAATAAAAGTAACTATGATA
T3_22      GTATTCGATTTGGCCGCTGTTCAGTAGATCTGGAAAAAATAAATAAAAGTAACTATGATA
T3_21      GTATTCGATTTGGCCGCTGTTCAGTAGATCTGGAAAAAATAAATAAAAGTAACTATGATA
T3_12      GTATTCGATTTGGCCGCTATTCAGTAGATCTGGAAAAAATAAATAAAAGTAACTATGATA
T3_11      GTATTCGATTTGGCCGCTATTCAGTAGATCTGGAAAAAATAAATAAAAGTAACTATGATA
T1A_16     AATCCAGAAGAATTACTAGAGGTCTCTTTAAAACTAACGAGGGCCTATTAATTAATGCTG
T2A_09     AATCCAGAAGAATTACCAGAGGTCTCTTTAAAACTAACGAGGGCCTATTAATTAATGCTG
T3_23      AATCCAGAAGAATTACTAGAGGTCTCTTTAAAACTAACGAGGGCCTATTAATTAATGCTG
T3_22      AATCCAGAAGAATTACTAGAGGTCTCTTTAAAACTAACGAGGGCCTATTAATTAATGCTG
T3_21      AATCCAGAAGAATTACTAGAGGTCTCTTTAAAACTAACGAGGGCCTATTAATTAATGCTG
T3_12      AATCCAGAAGAATTACTAGAGGTCTCTTTAAAAATAACGAGGGCCTATTAATTAATGCTG
T3_11      AATCCAGAAGAATTACTAGAGGTCTCTTTAAAACTAACGAGGGCCTATTAATTAATGCTG
T1A_16     ATCAGAATGGTAGTTTTAATATACTTCGTAAATACCATAACGATAAATGTATTCTCAGAC
T2A_09     ATCAGAATGGTAGTTTTAATATACTTCGTAAATACCATAACGATAAATGTATTCTCAGAC
T3_23      ATCAGAATGGTAGTTTTAATATACTTCGTAAATACCATAACGATAAATGTATTCTCAGAC
T3_22      ATCAGAATGGTAGCTTTAATATACTTCGTAAATACCATAACGATAAATGTATTCTCAGAC
T3_21      ATCAGAATGGTAGCTTTAATATACTTCGTAAATATCATAACGATAAATGTATTCTCAGAC
T3_12      ATCAGAATGGTAGTTTTAATATACTTCGTAAATACCATAACGATAAATGTATTCTCAGAC
T3_11      ATCAGAATGGTAGCTTTAATATACTTCGTAAATACCATAACGATAAATGTATTCTCAGAC
T1A_16     CTATCAAAGAGGCGAGAGATAATGGATTTGTGGACAATCCTTCAAGATTAAGGGTATCCT
T2A_09     CTATCAAAGAGGCGAGAGATAATGGATTTGTGGACAATCCTTCAAGATTAAGGGTATCCT
T3_23      CTATCAAAGAGGCGAGAGATAATGGATTTGTGGACAATCCTTCAAGATTAAGGGTATCCT
T3_22      CTATCAAAGAGGCGAGAGATAATGGATTTGTGGACAATCCTTCAAGATTAAGGGTATCCT
T3_21      CTATCAAAGAGGCGAGAGATAATGGATTTGTGGACAATCCTTCAAGATTAAGGGTATCCT
T3_12      CTATCAAAGAGGCGAGAGATAATGGATTTGTGGACAATCCTTCAAGATTAAGGGTATCCT
T3_11      CTATCAAAGAGGCGAGAGATAATGGATTTGTGGACAATCCTTCAAGATTAAGGGTATCCT
T1A_16     AA
T2A_09     AA
T3_23      AA
T3_22      AA
T3_21      AA
T3_12      AA
T3_11      AA
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T3*_15      ATGCGATTATCATTTAAATTCAAGCCTAAATTAAGCCATAAGCAATTAGTAATAATTAAT 60
T3_11       ATGCGATTATCATTTAAATTCAACCCTAAATTAAGCCATAAGCAATTAGTAATAATTAAT 60
            *********************** ************************************
T3*_15      GAATTAGCCTGGCATATTAGTAAACTATATAATACAGTCAATTATCAGATTAAAAATAAT 120
T3_11       GAATTAGCCTGGCATTGCTCTAAATTATATAATATAGTCAATTATCAGATTAAAAATAAT 120
            ***************:  : **** ********* *************************
T3*_15      AAAGATGTAAAAGCTGTCTATACTGA---------------------------------- 146
T3_11       AAAGATGTAAAAGCTGTCTATACTGAATTAGAAACTAGATATAAAAATAACTGGCATAAT 180
            **************************                                  
T3*_15      ------------------------------------------------------------ 146
T3_11       GACTACCTTCACTCCCATAACAGACAGCAGGCATTAAAGCAGTTAGCTCAGGACTGGAAA 240
                                                                        
T3*_15      ------------------------------------------------------------ 146
T3_11       AGTTTTTTTAATTCTCTCAAAGATTATAAAAAGAATCCTCAAAAATATAAGGGTCAGCCA 300
                                                                        
T3*_15      -------------------ATATGAACAGTAATCCCTGTGAAATAATTTTTACCAATTTA 187
T3_11       GGGTCACCTAATTTTAAACATATGAACAGTAATCCCTGTGAAATAATTTTTACCAATTTA 360
                               *****************************************
T3*_15      GCTGTTAGAATTAGAGATAACAAATTACTCTTATCCTTATCTAAAAAGATACAGTCTAAA 247
T3_11       GCTGTTAGAATTAGAGATAATAAATTACTCTTATCCTTATCTAAAAAGATACAGTCTAAA 420
            ******************** ***************************************
T3*_15      TATAATGTGAAGGTCACTAAAGCTTTTAATTTATAATACGCAAGGTAAGCTTTAGTATGA 307
T3_11       TATAATGTGAAAGTCACTAAAGCTTTTAATTTATAATACGCAAGGAAAGCTTTAGTATGA 480
            ***********.*********************************:**************
T3*_15      CTGTATTCGATTTGGCCGCTCTTCAGTAGATCTGGAAAAAATAAATAAAAGTAACTTTGA 367
T3_11       CCGTATTCGATTTGGCCGCTATTCAGTAGATCTGGAAAAAATAAATAAAAGTAACTATGA 540
            * ******************.***********************************:***
T3*_15      TAAATCCAGAAGAATTTCCAGAGGTCTCTTTAAAACTAAGGAGGGCCTATTAATT----- 422
T3_11       TAAATCCAGAAGAATTACTAGAGGTCTCTTTAAAACTAACGAGGGCCTATTAATTAATGC 600
            ****************:* ******************** ***************     
T3*_15      -----------------------------------------------AATGTATTCTCAG 435
T3_11       TGATCAGAATGGTAGCTTTAATATACTTCGTAAATACCATAACGATAAATGTATTCTCAG 660
                                                           *************
T3*_15      ATCTATCAAAGAGGCGAGAGATAATGGGTTTGTGGCCAATCCTTCAAGATTAAGGGTACC 495
T3_11       ACCTATCAAAGAGGCGAGAGATAATGGATTTGTGGACAATCCTTCAAGATTAAGGGTATC 720
            * *************************.*******.********************** *
T3*_15      TAAA 499
T3_11       CTAA 724
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T1A_16       ATGCGATTATCATTTAAATTCAAGCCTAAATTAAGCCATAAGCAATTAGTAATAATTAAT 60
MISC_14      ATACGATTATCATTTAAATTCAAGCCTAAATTAAGCCATAAGCAATTAGTAATAATTAAT 60
             ** *********************************************************
T1A_16       GAATTAGCCTGGCATTGCTCTAAATTATATAATACAGTCAATTATCAGATTAAAAATAAT 120
MISC_14      GAATTAGCCTGGCATTGCTCTAAATTATATAATACAGTCAATTCTCAGACCTATCAAAGA 120
             ******************************************* *****   *  * *  
T1A_16       AAAGATGTAAAAGCTGTCTATACTGAATTAGAAACTAGATATAAAAATAACTGGCATAAT 180
MISC_14      GGCGAGAGAT-------------------------------------------------- 130
                **   *                                                   
T1A_16       GACTACCTTCACTCCCATAACAGACAGCAGGCATTAAAGCAGTTAGTTCAGGACTGGAAA 240
MISC_14      ------------------------------------------------------------ 130
                                                                         
T1A_16       AGTTTTTTTAATTCTCTCAAAGATTATAAAAAGAATCCTCAAAAATATAAGGGTCAGCCA 300
MISC_14      ------------------------------------------------------------ 130
                                                                         
T1A_16       GGGTCACCTAATTTTAAACATATGAACAGTAATCCCTGTGAAATAATTTTTACCAATTTA 360
MISC_14      ------------------------------------------------------------ 130
                                                                         
T1A_16       GCTGTTAGAATTAGAGATAACAAATTACTCTTATCCTTATCTAAAAAGATACAGTCTAAA 420
MISC_14      ------------------------------------------------------------ 130
                                                                         
T1A_16       TATAATGTGAAGGCTCTTAATTTTGAGCTGCCTGAAGCAGTTCAAAGCATTATAGATTTA 480
MISC_14      ------------------------------------------------------------ 130
                                                                         
T1A_16       GATGCTGTCCAGCAGATAAAGATTAAGCAGGACCGTATTTCTAAAAGATGGTATCTCTTA 540
MISC_14      ------------------------------------------------------------ 130
                                                                         
T1A_16       ATTATCTACAAAGTTAAAGAGGCAAAAGAAAGTAAGAAATCTAACATAATGGCAGTAGAT 600
MISC_14      ------------------------------------------------------------ 130
                                                                         
T1A_16       CTAGGTCTTGATAATTTGGCTACTTTAATATTTAAAAACAATTCTGATTGTTATATTATC 660
MISC_14      ------------------------------------------------------------ 130
                                                                         
T1A_16       AATGGTAAAACTATTAAATCCAAAAATTCTTATTTTAATAAAGAAATTGCCAGACTACAA 720
MISC_14      ------------------------------------------------------------ 130
                                                                         
T1A_16       AGCATTAGAATGAGGCAGTTAGCTACCAGTAAAATTAGAGATACTAAACGAATAAAATAT 780
MISC_14      ------------------------------------------------------------ 130
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MISC_14      ------------------------------------------------------------ 130
                                                                         
T1A_16       GTTGATTTAGCAATTGAAAATCAAGTAGAAACTATTGTAATTGGAGATATAAAAAATATT 900
MISC_14      ------------------------------------------------------------ 130
                                                                         
T1A_16       AAACAATGCAGCAAACTTAAATCTTTTGTCCAAATACCGATCCAGAGATTAAAAAAATTA 960
MISC_14      ------------------------------------------------------------ 130
                                                                         
T1A_16       ATTGAATACAAAGCTAAACTAAAAGGTATCAAAGTTGTTGGAATTGATGAAAGCTATACT 1020
MISC_14      ------------------------------------------------------------ 130
                                                                         
T1A_16       TCTGGATGTAGTTCAGTAGATCTGGAAAAAATAAATAAAAGTAACTATGATAAATCCAGA 1080
MISC_14      ------------------------------------------------------------ 130
                                                                         
T1A_16       AGAATTACTAGAGGTCTCTTTAAAACTAACGAGGGCCTATTAATTAATGCTGATCAGAAT 1140
MISC_14      ------------------------------------------------------------ 130
                                                                         
T1A_16       GGTAGTTTTAATATACTTCGTAAATACCATAACGATAAATGTATTCTCAGACCTATCAAA 1200
MISC_14      ------------------------------------------------------------ 130
                                                                         
T1A_16       GAGGCGAGAGATAATGGATTTGTGGACAATCCTTCAAGATTAAGGGTATCCTAA 1254
MISC_14      ------------AATGGATTTGTGGACAATCCTTCAAGATTAAGGGTATCCTAA 172
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Locus_13      -----------CTCCATTTTTCCTTTTATAAGCAAACATATGTATGGTATAATTATAGTA 49
Locus_03      -AAAAATCAAACCTCCATTTTTCTTTTACAAGCAAACATATGTATGATATAATTATAGTA 59
Locus_02      AAAGATCAAACCTCCATTTTTTCTTTTACAAGCAAACATATGTATGATATAATTATAGTA 60
Locus_18      AAAAATCAAACCTCCATGTTTTCTTTTACAAGCAAACATATGTATGATATAATTATAGTA 60
Locus_16      AAAAATCAAACCTCCATGTTTTCTTTTACAAGCAAACATATGTATGATATAATTATAGTA 60
Locus_08      AAAAATCAAACCTCCATGTTTTCTTTTACAAGCAAACATATGTATGATATAATTATAGTA 60
Locus_09      AAAAATCAAACCTCCATTTTTTCTTTTACAAGCAAACATATGTATGATATAATTATAGTA 60
Locus_05      AAAGATCAAACCTCCATTTTTTCTTTTACAAGCAAACATATGTATGATATAATTATAGTA 60
Locus_10      AAAAATAAAACCTCCATTTTTTCTTTTACAAGCAAACATATGTATGATATAATTATAGTA 60
Locus_11      AAAGATCAAACCTCCATTTTTTCTTTTACAAGCAAACATATGTATGATATAATTATAGTA 60
Locus_12      AAAGATCAAACCTCCATTTTTTCTTTTACAAGCAAACATATGTATGATATAATTATAGTA 60
Locus_14      AAAGATCAAACCTCCATTTTTTCTTTTACAAGCAAACATATGTATGATATAATTATAGTA 60
Locus_17      AAAGATCAAACCTCCATTTTTTCTTTTACAAGCAAACATATGTATGATATAATTATAGTA 60
Locus_19      AAAGATCAAACCTCCATTTTTTCTTTTACAAGCAAACATATGTATGATATAATTATAGTA 60
Locus_20      -----------CTCCATTTTTTCTTTTACAAGCAAACATATGTATGATATAATTATAGTA 49
Locus_15      ---------------ATTTTTTCTTTTACAAGCAAACATATGTATGATATAATTATAGTA 45
Locus_01      -----------CTCCATTTTTTCTTTTACAAGCAAACATATGTATGATATAATTATAGTA 49
Locus_23      AAAAATCAAACCTCCATTTTTTCTTTTACAAGCAAACATATGTATGATATAATTATAGTA 60
Locus_22      AAAAATCAAACCTCCATTTTTTCTTTTACAAGCAAACATATGTATGATATAATTATAGTA 60
Locus_21      AAAAATCAAACCTCCATTTTTTCTTTTACAAGCAAACATATGTATGATATAATTATAGTA 60
Locus_06      AAAAATCAAACCTCCATTTTTTCTTTTACAAGCAAACATATGTATGATATAATTATAGTA 60
Locus_04      AAAAATCAAACCTCCATTTTTTCTTTTACAAGCAAACATATGTATGATATAATTATAGTA 60
                                *** ****** ***************** *************
Locus_13      GAATGGAGGTGAAAAATCA 68
Locus_03      GGATGGAGGTGAAAAGTCA 78
Locus_02      GGATGGAGGTGAAAAATTA 79
Locus_18      GGATGGAGGTGAAAAATCA 79
Locus_16      GGATGGAGGTGAAAAATCA 79
Locus_08      GGATGGAGGTGAAAAATCA 79
Locus_09      GGATGGAGGTGAAAAGTCA 79
Locus_05      GGATGGAGGTGAAAAATCA 79
Locus_10      GGATGGAGGTGAAAAATCA 79
Locus_11      GGATGGAGGTGAAAAATCA 79
Locus_12      GGATGGAGGTGAAAAATCA 79
Locus_14      GGATGGAGGTGAAAAATCA 79
Locus_17      GGATGGAGGTGAAAAATCA 79
Locus_19      GGATGGAGGTGAAAAATCA 79
Locus_20      GGATGGAGGTGAAAAATCA 68
Locus_15      GGATGGAGGTGAAAAATCA 64
Locus_01      GGATGGAGGTGAAAAATCA 68
Locus_23      GGATGGAGGTGAAAAATCA 79
Locus_22      GGATGGAGGTGAAAAATCA 79
Locus_21      GGATGGAGGTGAAAAATCA 79
Locus_06      GGATGGAGGTGAAAAATCA 79
Locus_04      GGATGGAGGTGAAAAATCA 79
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Locus_15HI      TCACTAAAGCTTTTAATTTATAATACGCAAGGTAAGCTTTAGTATGACTGTATTCGATTT 60
Locus_22HI      TCACTAAAGCTTTTAATTTATAATACGCAAGGTAAGCTTTAGTATGACCGTATTCGATTT 60
Locus_18LI      TCACTAAAGCTTTTAATTTATAATACGCAAGGAAAGCTTTAGTATGACCGTATTCGATTT 60
Locus_13LI      TCACTAAAGCTTTTAATTTATAATACGCAAGGAAAGCTTTAGTATGACCGTATTCGATTT 60
Locus_17LI      TCACTAAAGCTTTTAATTTATAATACGCAAGGAAAGCTTTAGTATGACCGTATTCGATTT 60
Locus_09LI      TCACTAAAGCTTTTAATTTATAATACGCAAGGAAAGCTTTAGTATGACCGTATTCGATTT 60
Locus_19LI      TCACTAAAGCTTTTAATTTATAATACGCAAGGAAAGCTTTAGTATGACCGTATTCGATTT 60
Locus_20LI      TCACTAAAGCTTTTAATTTATAATACGCAAGGAAAGCTTTAGTATGACCGTATTCGATTT 60
Locus_04LI      TCACTAAAGCTTTTAATTTATAATACGCAAGGAAAGCTTTAGTATGACCGTATTCGATTT 60
Locus_06LI      TCACTAAAGCTTTTAATTTATAATACGCAAGGAAAGCTTTAGTATGACCGTATTCGATTT 60
Locus_21HI      TCACTAAAGCTTTTAATTTATAATACGCAAGGTAAGCTTTAGTATGACCGTATTCGATTT 60
Locus_11HI      TCACTAAAGCTTTTAATTTATAATACGCAAGGTAAGCTTTAGTATGACCGTATTCGATTT 60
Locus_12HI      TCACTAAAGCTTTTAATTTATAATACGCAAGGTAAGCTTTAGTATGACCGTATTCGATTT 60
Locus_23HI      GCACTAAAGCTTTTAATTTATAATACGCAAGGTAAGCTTTAGTATGACCGTATTCGATTT 60
Locus_02RI      ---CTAAAGCTTTTAATTTTAATTACGCAAGGTAAGCTTTAGTATGACCGTATTCGATTT 57
Locus_04RI      ---CTAAAGCTTTTAATTTTAATTACGCAAGGTAAGCTTTAGTATGACCGTATTCGATTT 57
Locus_06RI      ---CTAAAGCTTTTAATTTTAATTACGCAAGGTAAGCTTTAGTATGACCGTATTCGATTT 57
Locus_13RI      ---CTAAAGCTTTTAATTTTAGTTACGCAAGGTAAGCTTTAGTATGACCGTATTCGATTT 57
Locus_09RI      ---CTAAAGCTTTTAATTTTAATTACGCAAGGAAAGCTTTAGTATGACCGTATTCGATTT 57
Locus_03RI      ---CTAAAGCTTTTAATTTTAATTACGCAAGGTAAGCTTTAGTATGACCGTATTCGATTT 57
                   ****************::.:*********:*************** ***********
Locus_15HI      GGCCGCT 67
Locus_22HI      GGCCGCT 67
Locus_18LI      GGCC--- 64
Locus_13LI      GGCC--- 64
Locus_17LI      GGCC--- 64
Locus_09LI      GGCC--- 64
Locus_19LI      GGCC--- 64
Locus_20LI      GGCC--- 64
Locus_04LI      GGCC--- 64
Locus_06LI      GGCC--- 64
Locus_21HI      GGCCGCT 67
Locus_11HI      GGCCGCT 67
Locus_12HI      GGCCGCT 67
Locus_23HI      GGCCGCT 67
Locus_02RI      GGCCGCT 64
Locus_04RI      GGCCGCT 64
Locus_06RI      GGCCGCT 64
Locus_13RI      GGCCGCT 64
Locus_09RI      GGCCGCT 64
Locus_03RI      GGCCGCT 64
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Locus_04      TTTATATAAAATTGCCAAGAAAACTCCATCCAAGCTATGCATTGGCTGGAGATGAATTGG 60
Locus_05      TTTATCTAAAACTGCCAAGAAAACTCCATCCAAGCTATGCATTAGGTGGAGATGAATTGG 60
Locus_21      TTTATTTAAAACTGCCAAGAAAACTCCATCCAAGCTATGCATTAGGTGGAGATGAATTGG 60
Locus_03      TTTATCTGAAACTGCCAAGAAAACTCCATCCAAGCTATGCATTGGGTGGAGATGAATTGG 60
Locus_01      TTTATCTAAAACTGCCAAGAAAACCCCATCCAAGCTATGCATTGGGTGGAGATGAATTGG 60
Locus_15      TTTATCTAAATATGCCAAGAAAACTCCATCCAAGCTATGCATTGTGTGGAGATAAATTGG 60
Locus_11      TTTATCTAAAACTGCCAAGAAAACTCCTTCCAAGCTATGCATTGGGTGGAGATGAATTGG 60
Locus_12      TTTATCTAAAACTGCCAAGAAAACTCCATCCAAGCTATGCATTGGGTGGAGATAAATTGG 60
Locus_14      TTTATCTAAAACTGCCAAGAAAACTCCCTCCAAGCTATGCATTGGGTGGAGATGAATTGG 60
Locus_16      TTTATCTAAAATTGCCAAGAAAACTCCATCCAAGCTATGCATTGGCTGGAGATGAATTGG 60
Locus_17      TTTATCTAAAACTGCTAAGAAAACTCCATCCAAGCTATGCATTGGGTGGAGATAAATTGG 60
Locus_18      TTTATCTAAAATTGCCAAGAAAACTCCATCCAAGCTATGCATTGGCTGGAGATGAATTGG 60
Locus_23      TTTATCTAAAATTGCCAAGAAAACTCCATCCAAGCTATGCATTGGCTGGAGATGAATTGG 60
Locus_02      TTTATCTAAAATTGCCAAGAAAACTCCATCCAAGCTATGCATTGGCTGGAGATGAATTGG 60
Locus_22      TTTATCTAAAACTGCCAAGAAAACTCCATCCAAGCTATGCATTGGCTGGAGATGAATTGG 60
Locus_06      TTTATCTAAAACTGCCAAGAAAACTCCATCCAAGCTATGCATTGGGTGGAGATGAATTGG 60
Locus_08      TTTATCTAAAACTGCCAAGAAAACTCCATCCAAGCTATGCATTGGGTGGAGATGAATTGG 60
Locus_10      TTTATCTAAAACTGCCAAGAAAACTCCATCCAAGCTATGCATTGGGTGGAGATGAATTGG 60
Locus_19      TTTATCTAAAACTGCCAAGAAAACTCCATCCAAGCTATGCATTGGGTGGAGATGAATTGG 60
Locus_09      TTTATCTAAAACTGCCAAGAAAACTCCATCCAAGCTATGCATTGGGTGGAGATGAATTGG 60
Locus_20      TTTATCTAAAACTGCCAAGAAAACTCCATCCAAGCTATGCATTGGGTGGAGATGAATTGG 60
Locus_13      TTTATCTAAAATTGTCAAGAAAACTCCATTCAAGCTATGCATTGGGGGA----------- 49
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Locus_01      ACTATTAGGAGCAAAACTTAAAAGCCAAACATCTTGTAAACTGACCTAGTAATATAGGTT 60
Locus_21      ACTATTAGGAGCAAAACTTAAAAGCCAAACATCTTGTAAACTGACCTAGTAATATAGGTT 60
Locus_14      ACTATTAGGAGCAAAACTTAAAAGCCAAACATCTTGTAAACTGACCTAGTAATATAGGTT 60
Locus_04      ACTATTAGGAGCAAAACTTAAAAGCCAAACATCTTGTAAACTGACCTAGTAATATAGGTT 60
Locus_06      ACTATTAGGAGCAAAACTTAAAAGCCAAACATCTTGTAAACTGACCTAGTAATATAGGTT 60
Locus_02      ACTATTAGGAGCAAAACTTAAAAGCCAAACATCTTGTAAACTGACCTAGTAATATAGGTT 60
Locus_12      GCTATTAGGAGCAAAATTTAAAAGCCAAACATCTTGTAAACTGACCTAGTAATATAGGTT 60
Locus_13      ACTATTAGGAGCAAAACTTAAAAGCCAAACATCTTGTAAACTGACCTAGTAATATAGGTT 60
Locus_17      GCTATTAGGAGCAAAACTTAAAAGCCAAACATCTTGTAAACTGACCTAGTAATATAGGTT 60
Locus_19      ACTATTAGGAGCAAAACTTAAAAGCCAAACATCTTGTAAACTGACCTAGTAATATAGGTT 60
Locus_08      ACTATTAGGAGCAAAACTTAAAAGCCAAACATCTTGTAAACTGACCTAGTAATATAGGTT 60
Locus_23      ACTATTAGGAGCAAAACTTAAAAGCCAAACATCTTGTAAACTGACCTAGTAATATAGGTT 60
Locus_20      ACTATTAGGAGCAAAACTTAAAAGCCAAACATCTTGTAAACTGACCTAGTAATATAGGTT 60
Locus_11      ACTATTAGGAGCAAAACTTAAAAGCCAAACATCTTGTAAACTGACCTAGTAATATAGGTT 60
Locus_09      ACTATTAGGAGCAAAACTTAAAAGCCAAACATCTTGTAAACTGACCTAGTAATATAGGTT 60
Locus_03      ACTATTAGGAGCAAAACTTAAAAGCCAAACATCTTGTAAACTGACCTAGTAATATAGGTT 60
Locus_16      ACTATTAGGAGCAAAACTTAAAAGCCAAACATCTTGTAAACTGACCTAGTAATATAGGTT 60
Locus_10      ACTATTAGGAGCAAAACTTAAAAGCCAAACATCTTGTAAACTGACCTAGTAATATAGGTT 60
Locus_05      ACTATTAGGAGCAAAACTTAAAAGCCAAACATCTTGTAAACTGACCTAGTAATATAGGTT 60
Locus_18      ACTATTAGGAGCAAAACTTAAAAGCCAAACATCTTGTAAACTGACCTAGTAATATAGGTT 60
Locus_22      ACTATTAGGAGCAAAACTTAAAAGCCAAACATCTTGTAAACTGACCTAGTAATATAGGTT 60
               *************** *******************************************
Locus_01      GAACTTTAATCTATATGAAGCAGTTAGAAGCTCCATCCGACGCGAAGCTAGCATCTCTTT 120
Locus_21      GAACTTTAATCTATATGAAGCAGTTAGAAGCTCCATCCGACGCGAAGCTAGTATCTCTTT 120
Locus_14      GAACTTTAATCTATATGAAGCAGTTAGAAGCTCCATCCGACGCGAAGCTAGTATCTCTTT 120
Locus_04      GAACTTTAATCTATATGAAGCAGTTAGAAGCTCCATCCGACGCGAAGCTAGTATCTCTTT 120
Locus_06      GAACTTTAATCTATATGAAGCAGTTAGAAGCTCCATCCGACGCGAAGCTAGTATCTCTTT 120
Locus_02      GAACTTTAATCTATATGAAGCAGTTAAAAGCTCCCTCTAAATCTTGGTTTTGATTTAGG- 119
Locus_12      GAACTTTAATCTATATGAAGCAGTTAGAAGCTCCCTCTAAATCTTGGTTTTGATTTAGG- 119
Locus_13      GAACTTTAATCTATATGAAGCAGTTAGAAGCTCCCTCTAAATCTTGATTTTGATTTAGG- 119
Locus_17      GAACTTTAATCTATATGAAGCAGTTAGAAGCTCCCTCTAAATCTTGGTTTTGATTTAGG- 119
Locus_19      GAACTTTAATCTATATGAAGCAGTTAGAAGCTCCATCTAAATCTTGGTTTTGATTTAGA- 119
Locus_08      GAACTTTAATCTATATGAAGCAGTTAGAAGCTCCATCTAAATCTTGGTTTTGATTTAGA- 119
Locus_23      GAACTTTAATCTATATGAAGCAGTTAGAAGCTCCCTCTAAATCTTGGTTTTGATTTAGG- 119
Locus_20      GAACTTTAATCTATATGAAGCAGTTAGAAGCTCCCTCTAAATCTTGGTTTTGATTTAGG- 119
Locus_11      GAACTTTAATCTATATGAAGCAGTTAGAAGCTCCCTCTAAATCTTGGTTTTGATTTAGG- 119
Locus_09      GAACTTTAATCTATATGAAGCAGTTAGAAGCTCCCTCTAAATCTTGGTTTTGATTTAGG- 119
Locus_03      GAACTTTAATCTATATGAAGCAGTTAGAAGCTCCCTCTAAATCTTGGTTTTGATTTAGG- 119
Locus_16      GAACTTTAATCTATATGAAGCAGTTAGAAGCTCCCTCTAAATCTTGGTTTTGATTTAGG- 119
Locus_10      GAACTTTAATCTATATGAAGCAGTTAGAAGCTCCCTCTAAATCTTGGTTTTGATTTAGG- 119
Locus_05      GAACTTTAATCTATATGAAGCAGTTAGAAGCTCCCTCTAAATCTTGGTTTTGATTTAGG- 119
Locus_18      GAACTTTAATCTATATGAAGCAGTTAGAAGCTCCCTCTAAATCTTGGTTTTGATTTAGG- 119
Locus_22      GAACTTTAATCTATATGAAGCAGTTAGAAGCTCCATCTAAATCTTGGTTTTGATTTAGG- 119
              ************************** ******* **  *  *     *   ** *    
Locus_01      TGATGCAAATCTTGGTTTTGATTTAGGTGGAGAGGTTCAC 160
Locus_21      TGATGCAAATCTTGGTTTTGATTTAGGTGGAGAGGTTCAC 160
Locus_14      TGATGCAAATCTTGGTTTTGATTTAGGTGGAGAGGTTCAC 160
Locus_04      TGATGCAAATCTTGGTTTTGATTTAGGTGGAGAGGTTCAC 160
Locus_06      TGATGCAAATCTTGGTTTTGATTTAGATGGAGAGGTTCAC 160
Locus_02      ---------------------------TGGAGAGGTTCAC 132
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Locus_13      ---------------------------TGGAGAGGTTCAC 132
Locus_17      ---------------------------TGGAGAGGTTCAC 132
Locus_19      ---------------------------TGGAGAGGTTCAC 132
Locus_08      ---------------------------TGGAGAGGTTCAC 132
Locus_23      ---------------------------TGGAGAGGTTCAC 132
Locus_20      ---------------------------TGGAGAGGTTCAC 132
Locus_11      ---------------------------TGGAGAGGTTCAC 132
Locus_09      ---------------------------TGGAGAGGTTCAC 132
Locus_03      ---------------------------TGGAGAGGTTCAC 132
Locus_16      ---------------------------TGGAGAGGTTCAC 132
Locus_10      ---------------------------TGGAGAGGTTCAC 132
Locus_05      ---------------------------TGGAGAGGTTCAC 132
Locus_18      ---------------------------TGGAGAGGTTCAC 132
Locus_22      ---------------------------TGGAGAGGTTCAC 132




















Page 1 of 3http://www.ebi.ac.uk/Tools/services/rest/lalign/result/lalign-I20160419-034638-0135-52459438-pg/aln
# /nfs/public/ro/es/appbin/linux-x86_64/fasta-36.3.7b/lalign36 -m 9i lalign-I20160419-
034638-0135-52459438-pg.asequence lalign-I20160419-034638-0135-52459438-pg.bsequence -n -r 
+5/-4 -f -12 -g -4 -E 10.0 -m 0 -m "F11 lalign-I20160419-034638-0135-52459438-
pg.output.lav"
LALIGN finds non-overlapping local alignments
 version 36.3.7b Jun, 2015(preload9)
Please cite:
 X. Huang and W. Miller (1991) Adv. Appl. Math. 12:373-381
Query: lalign-I20160419-034638-0135-52459438-pg.asequence
  1>>>Locus_09LE - 60 nt
Library: lalign-I20160419-034638-0135-52459438-pg.bsequence
       60 residues in     1 sequences
Statistics: (shuffled [500]) MLE statistics: Lambda= 0.2023;  K=0.4049
 statistics sampled from 1 (1) to 500 sequences
Threshold: E() < 10 score: 25
Algorithm: Smith-Waterman (SSE2, Michael Farrar 2006) (7.2 Nov 2010)
Parameters: DNA matrix (5:-4), open/ext: -12/-4
 Scan time:  0.000
The best non-identical alignments are:     ls-w bits E(1) %_id  %_sim  alen
Locus_09LE_RC                   (  60) [r]   36 11.8    0.63 0.889 0.889    9
+-                                           33 10.9    0.84 0.722 0.722   18
Locus_09LE_RC                   (  60) [f]   86 26.4 4.1e-05 0.652 0.652   46
+-                                           56 17.6   0.017 0.727 0.727   22
+-                                           34 11.2    0.78 0.692 0.692   26
+-                                           32 10.6    0.89 0.800 0.800   10
+-                                           26 8.9       1 0.857 0.857    7
+-                                           26 8.9       1 0.857 0.857    7
>>>Locus_09LE, 60 nt vs lalign-I20160419-034638-0135-52459438-pg.bsequence library
>>Locus_09LE_RC                                           (60 nt)
 Waterman-Eggert score: 36;  88.8 bits; E(1) <  6.5e-24
88.9% identity (88.9% similar) in 9 nt overlap (60-52:16-24)
      60        
Locus_ CCAATTCAT
       ::::: :::
Locus_ CCAATGCAT
          20    
>--
 Waterman-Eggert score: 33;  10.9 bits; E(1) <  0.84
72.2% identity (72.2% similar) in 18 nt overlap (36-20:36-53)
            30           
Locus_ AGCTTGGATGG-AGTTTT
       :: ::   ::: ::::::
Locus_ AGTTTTCTTGGCAGTTTT
          40        50   
>>Locus_09LE_RC                                           (60 nt)
 Waterman-Eggert score: 86;  26.4 bits; E(1) <  4.1e-05
65.2% identity (65.2% similar) in 46 nt overlap (15-60:1-46) 4/18/16, 9:47 PM
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           20        30        40        50        60
Locus_ CCAAGAAAACTCCATCCAAGCTATGCATTGGGTGGAGATGAATTGG
       ::::   : ::::: ::::   ::   :::: ::::: :   ::::
Locus_ CCAATTCATCTCCACCCAATGCATAGCTTGGATGGAGTTTTCTTGG
               10        20        30        40      
>--
 Waterman-Eggert score: 56;  17.6 bits; E(1) <  0.017
72.7% identity (72.7% similar) in 22 nt overlap (29-50:11-32)
       30        40        50
Locus_ TCCAAGCTATGCATTGGGTGGA
       ::::  : :::::: :  ::::
Locus_ TCCACCCAATGCATAGCTTGGA
               20        30  
>--
 Waterman-Eggert score: 34;  11.2 bits; E(1) <  0.78
69.2% identity (69.2% similar) in 26 nt overlap (23-47:14-38)
             30         40       
Locus_ ACTCCATCCA-AGCTATGCATTGGGT
       :: : :: :: :::: :: :: : ::
Locus_ ACCCAATGCATAGCT-TGGATGGAGT
            20         30        
>--
 Waterman-Eggert score: 32;  10.6 bits; E(1) <  0.89
80.0% identity (80.0% similar) in 10 nt overlap (1-10:51-60)
               10
Locus_ TTTATCTAAA
       ::::  ::::
Locus_ TTTAGATAAA
               60
>--
 Waterman-Eggert score: 26;  8.9 bits; E(1) <  1
85.7% identity (85.7% similar) in 7 nt overlap (50-56:54-60)
      50      
Locus_ AGATGAA
       :::: ::
Locus_ AGATAAA
            60
>--
 Waterman-Eggert score: 26;  8.9 bits; E(1) <  1
85.7% identity (85.7% similar) in 7 nt overlap (1-7:5-11)
              
Locus_ TTTATCT
       :: ::::
Locus_ TTCATCT
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 Waterman-Eggert score: 39;  11.0 bits; E(1) <  1
73.3% identity (73.3% similar) in 15 nt overlap (32-18:114-128)
        30        20  
Locus_ ATGTTTGGCTTTTAA
       : :::: :::  :::
Locus_ AAGTTTTGCTCCTAA
           120        
>>Locus_16RE_RC                                           (132 nt)
 Waterman-Eggert score: 82;  20.4 bits; E(1) <  0.013
64.4% identity (64.4% similar) in 59 nt overlap (63-120:13-70)
             70        80        90       100        110       120
Locus_ ACTTTAATCTATATGAAGCAGTTAGAAGCTCCCTCTAAAT-CTTGGTTTTGATTTAGGT
       :: : :::: : :  ::: : ::::: :   : ::::: : :::  : : :::: : ::
Locus_ ACCTAAATCAAAACCAAG-ATTTAGAGGGAGCTTCTAACTGCTTCATATAGATTAAAGT
             20        30         40        50        60        70
>--
 Waterman-Eggert score: 82;  20.4 bits; E(1) <  0.013
68.4% identity (68.4% similar) in 38 nt overlap (41-78:46-83)
               50        60        70        
Locus_ CTGACCTAGTAATATAGGTTGAACTTTAATCTATATGA
       :: ::    : :::::: :: :: :: :: :::::: :
Locus_ CTAACTGCTTCATATAGATTAAAGTTCAACCTATATTA
          50        60        70        80   
>--
 Waterman-Eggert score: 62;  16.0 bits; E(1) <  0.23
64.7% identity (64.7% similar) in 34 nt overlap (91-124:9-42)
              100       110       120    
Locus_ CTCCCTCTAAATCTTGGTTTTGATTTAGGTGGAG
       ::::  :::::::        :::::::  ::::
Locus_ CTCCACCTAAATCAAAACCAAGATTTAGAGGGAG
       10        20        30        40  
>--
 Waterman-Eggert score: 50;  13.4 bits; E(1) <  0.8
56.7% identity (56.7% similar) in 67 nt overlap (44-108:25-89)
            50        60        70        80        90       100   
Locus_ ACCTAGTAATATAGGTTGAACTTTAATCTATATGAAGCAGTTAGAAGCTCCCTCTAAAT-
       ::: ::  :: :::   :: :::  : ::   : :   :: :  ::: ::   ::: :: 
Locus_ ACCAAG--ATTTAGAGGGAGCTTCTAACTGCTTCATATAGATTAAAGTTCAACCTATATT
           30          40        50        60        70        80  
              
Locus_ -CTTGGT
        :: :::
Locus_ ACTAGGT
              
>--
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# /ebi/extserv/bin/fasta-36.3.7b/lalign36 -m 9i lalign-I20160419-034936-0195-34405318-
es.asequence lalign-I20160419-034936-0195-34405318-es.bsequence -n -r +5/-4 -f -12 -g -4 -
E 10.0 -m 0 -m "F11 lalign-I20160419-034936-0195-34405318-es.output.lav"
LALIGN finds non-overlapping local alignments
 version 36.3.7b Jun, 2015(preload9)
Please cite:
 X. Huang and W. Miller (1991) Adv. Appl. Math. 12:373-381
Query: lalign-I20160419-034936-0195-34405318-es.asequence
  1>>>Locus_16RE - 132 nt
Library: lalign-I20160419-034936-0195-34405318-es.bsequence
      132 residues in     1 sequences
Statistics: (shuffled [500]) MLE statistics: Lambda= 0.1514;  K=0.1795
 statistics sampled from 1 (1) to 500 sequences
Threshold: E() < 10 score: 38
Algorithm: Smith-Waterman (SSE2, Michael Farrar 2006) (7.2 Nov 2010)
Parameters: DNA matrix (5:-4), open/ext: -12/-4
 Scan time:  0.010
The best non-identical alignments are:     ls-w bits E(1) %_id  %_sim  alen
Locus_16RE_RC                   ( 132) [r]   42 11.7       1 0.667 0.667   21
+-                                           39 11.0       1 0.625 0.625   24
+-                                           39 11.0       1 0.733 0.733   15
Locus_16RE_RC                   ( 132) [f]   82 20.4   0.013 0.644 0.644   59
+-                                           82 20.4   0.013 0.684 0.684   38
+-                                           62 16.0    0.23 0.647 0.647   34
+-                                           50 13.4     0.8 0.567 0.567   67
+-                                           44 12.1    0.98 0.588 0.588   34
+-                                           44 12.1    0.98 0.538 0.538   52
+-                                           41 11.4       1 0.568 0.568   37
+-                                           41 11.4       1 0.568 0.568   37
>>>Locus_16RE, 132 nt vs lalign-I20160419-034936-0195-34405318-es.bsequence library
>>Locus_16RE_RC                                           (132 nt)
 Waterman-Eggert score: 42;  146.7 bits; E(1) <  1.2e-40
66.7% identity (66.7% similar) in 21 nt overlap (129-109:48-68)
    130       120       110 
Locus_ AACCTCTCCACCTAAATCAAA
       :::  :: ::  :: :: :::
Locus_ AACTGCTTCATATAGATTAAA
        50        60        
>--
 Waterman-Eggert score: 39;  11.0 bits; E(1) <  1
62.5% identity (62.5% similar) in 24 nt overlap (117-94:65-88)
            110       100      
Locus_ TAAATCAAAACCAAGATTTAGAGG
       ::::    :::: : :::   :::
Locus_ TAAAGTTCAACCTATATTACTAGG
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# /nfs/public/ro/es/appbin/linux-x86_64/fasta-36.3.7b/lalign36 -m 9i lalign-I20160419-
035642-0942-5255135-pg.asequence lalign-I20160419-035642-0942-5255135-pg.bsequence -n -r 
+5/-4 -f -12 -g -4 -E 10.0 -m 0 -m "F11 lalign-I20160419-035642-0942-5255135-
pg.output.lav"
LALIGN finds non-overlapping local alignments
 version 36.3.7b Jun, 2015(preload9)
Please cite:
 X. Huang and W. Miller (1991) Adv. Appl. Math. 12:373-381
Query: lalign-I20160419-035642-0942-5255135-pg.asequence
  1>>>Locus_22HI - 67 nt
Library: lalign-I20160419-035642-0942-5255135-pg.bsequence
       67 residues in     1 sequences
Statistics: (shuffled [500]) MLE statistics: Lambda= 0.1678;  K=0.2448
 statistics sampled from 1 (1) to 500 sequences
Threshold: E() < 10 score: 28
Algorithm: Smith-Waterman (SSE2, Michael Farrar 2006) (7.2 Nov 2010)
Parameters: DNA matrix (5:-4), open/ext: -12/-4
 Scan time:  0.000
The best non-identical alignments are:     ls-w bits E(1) %_id  %_sim  alen
Locus_22HI_RC                   (  67) [r]   35 10.5    0.95 1.000 1.000    7
Locus_22HI_RC                   (  67) [f]   70 19.0  0.0087 0.634 0.634   41
+-                                           54 15.1    0.12 0.667 0.667   27
+-                                           40 11.7    0.74 1.000 1.000    8
+-                                           38 11.2    0.85 0.769 0.769   13
+-                                           34 10.3    0.97 0.629 0.629   35
+-                                           30 9.3       1 0.667 0.667   15
+-                                           30 9.3       1 1.000 1.000    6
+-                                           30 9.3       1 1.000 1.000    6
>>>Locus_22HI, 67 nt vs lalign-I20160419-035642-0942-5255135-pg.bsequence library
>>Locus_22HI_RC                                           (67 nt)
 Waterman-Eggert score: 35;  83.1 bits; E(1) <  4.2e-22
100.0% identity (100.0% similar) in 7 nt overlap (40-34:55-61)
      40      
Locus_ AAAGCTT
       :::::::
Locus_ AAAGCTT
           60 
>>Locus_22HI_RC                                           (67 nt)
 Waterman-Eggert score: 70;  19.0 bits; E(1) <  0.0087
63.4% identity (63.4% similar) in 41 nt overlap (3-43:25-65)
             10        20        30        40   
Locus_ ACTAAAGCTTTTAATTTATAATACGCAAGGTAAGCTTTAGT
       ::::::::::    :   :: ::   :    ::::::::::
Locus_ ACTAAAGCTTACCTTGCGTATTATAAATTAAAAGCTTTAGT
           30        40        50        60     
>--
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66.7% identity (66.7% similar) in 27 nt overlap (21-47:21-47)
               30        40       
Locus_ TAATACGCAAGGTAAGCTTTAGTATGA
       : ::::  ::: : : :::  :::: :
Locus_ TCATACTAAAGCTTACCTTGCGTATTA
               30        40       
>--
 Waterman-Eggert score: 40;  11.7 bits; E(1) <  0.74
100.0% identity (100.0% similar) in 8 nt overlap (6-13:55-62)
          10   
Locus_ AAAGCTTT
       ::::::::
Locus_ AAAGCTTT
           60  
>--
 Waterman-Eggert score: 38;  11.2 bits; E(1) <  0.85
76.9% identity (76.9% similar) in 13 nt overlap (11-23:45-57)
               20   
Locus_ TTTTAATTTATAA
       :: ::: ::: ::
Locus_ TTATAAATTAAAA
           50       
>--
 Waterman-Eggert score: 34;  10.3 bits; E(1) <  0.97
62.9% identity (62.9% similar) in 35 nt overlap (22-54:14-46)
                30        40        50    
Locus_ AATACG--CAAGGTAAGCTTTAGTATGACCGTATT
       ::::::  ::   :::   :::   ::  ::::::
Locus_ AATACGGTCATACTAAAGCTTACCTTG--CGTATT
            20        30        40        
>--
 Waterman-Eggert score: 30;  9.3 bits; E(1) <  1
66.7% identity (66.7% similar) in 15 nt overlap (3-17:51-65)
             10       
Locus_ ACTAAAGCTTTTAAT
       : ::::   :::: :
Locus_ ATTAAAAGCTTTAGT
               60     
>--
 Waterman-Eggert score: 30;  9.3 bits; E(1) <  1
100.0% identity (100.0% similar) in 6 nt overlap (18-23:45-50)
        20   
Locus_ TTATAA
       ::::::
Locus_ TTATAA
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